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Soil resources are used by man to obtain goods and services to satisfy 
human wants. The capacity of soils to provide goods and services is depend­
ent upon climate, soil properties and available technology. In agricultural 
production, for example, the yield of a crop such as com is governed by the 
properties of the soil on which the crop is grown, the weather conditions 
that prevail during the growing season and the technological inputs that are 
applied in the production of the crop. In industrial societies like that of 
the United States, inputs such as commercial fertilizers, herbicides, in­
secticides, machinery, etc., may be more important than-native soil fertil­
ity in determining the crop yield potential of a soil (70). 
The impact of technology on crop production potential has varied with 
different soil resources. Inputs such as tile drainage have so effectively 
removed ceiiain soil limitations that soils once economically submarginal 
for certain uses are now highly productive in the same uses. Other inputs 
such as large capacity machinery have in effect made some soils economically 
submarginal for certain uses (8?). Recognition of variation in the capa­
city of soils to respond to technological inputs has brought about an in­
creased demand for precise inforsnation relating to soils, their properties, 
and expected yields in alternative soil use systems. 
In appraising the capacity of the soils of an area to absorb technol­
ogy, one needs to know the kinds and distribution of the soils of the area, 
their input requirements, and their expected response to the input applica­
tions. A purpose of soil survey is to delineate areas of soils as an aid 
in identifying the management (input) needs and expected response (output). 
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The degree that soil patterns of an area influence the extent that technolo­
gy can be applied for efficient crop production is the aspect of identify­
ing input needs and output that was considered in this study. 
The Problem of Identifying Soil Use Alternatives 
as a Basis for Soil Use Decisions 
The objectives of soil surveys are to de te mine important soil char­
acteristics, to classify soils into defined taxonomic units, to prepare maps 
and other materials to show the geographic distribution of the soils of an 
area, to predict the suitability, input requirements, and expected output 
for soil use alternatives {kj, 87). Soil survey activities that are di­
rected toward the attainment of these objectives aid in identifying soil 
use alternatives in order to help people make more rational decisions rela­
tive to the selection, use, and management of soils (2, 36). Other branches 
of soil science as well as crop science and the social sciences are also in­
volved in the development and identification of feasible soil use alterna­
tives. 
With the increased use of technological inputs for crop production, a 
problem in identifying soil use alternatives as a basis for soil use decis­
ions has developed. Soil use recommendations have been based on the phil­
osophy "that every acre must be treated according to its capabilities and 
need" (7, p. 89), which implies that differential treatment of each indivi­
dual soil area is feasible. However, such differentiation is not usually 
feasible with present day large capacity farm equipment such as 4 to 8 row 
com planters and cultivators. 
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A second facet of the problem is that soil use alternatives are iden­
tified for soil mapping units on the basis of soil profile characteristics 
and slope gradients. This is done even though the size and shape of indi­
vidual soil mapping unit areas may preclude application of the technologi­
cal inputs that define a soil use alternative for the soil mapping unit. 
The needs, potentials, and size and shape of associated soils may deter­
mine the feasible soil use alternatives for a given soil. 
Objectives of the Study 
Information gained through soil survey and related research areas is 
utilized in identifying soil use alternatives. The present study seeks to 
develop ideas and techniques that will enhance the identification of feas­
ible soil use alternatives and aid in solution of the problem as stated 
above. The objectives of the study may be stated as follows; 
1, To conceptualize the nature of size and shape of soil mapping 
units as these relate to soil use decisions. 
2. To identify size and shape of soil mapping units as important 
soil characteristics, 
3. To analyze the influence of size and shape of soil mapping units 
on the feasibility of application of technology, 
4, To utilize the concepts of spatial soil characteristics in deter­
mining the soil use potential of an area. 
4 
hypotheses Guiding Study-
Hypotheses are tentative theories that are adapted to explain certain 
facts and to guide in the investigation of other facts. In scientific in­
quiry, hypotheses may serve several functions. Problem delimiting hypo­
theses serve to limit the problem to a manageable size, i.e,, set the 
"bounds" for an analysis. Diagnostic hypotheses identify possible causes 
of the problem and factors that prevent the problem frcm being more serious. 
Remedial hypotheses attempt to identify success elements in the present 
situation and potential remedial measures that lie dormant in the present 
situation that can be utilised in developing remedial measures. The hypo­
theses that were formulated to guide this study are stated below. 
Problem delimiting h.ypotheses 
For this study, two problems that prevent the attainment of the ob­
jectives of soil survey and of soil survey interpretation were delimited 
by the following hypotheses; 
1. If soil properties inçortant in identifying soil use alternatives 
are not considered in soil survey inteipretation, then the objec­
tive of identifying inçortant soil properties is not being 
achieved. 
2, If soil use alternatives identified in soil survey interpretation 
cannot be feasibly applied, then the objective of identifying 
soil use alternatives in order to help people make more rational 
soil use decisions is not being achieved. 
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Diagnostic hypotheses; 
In attempting to ejqjlain the causes of the problem delimited above, 
two diagnostic hypotheses were proposed as follows: 
1, Size and shape of soil mapping unit area are identifiable soil 
properties that are important in determining feasibility of soil 
use alternatives. 
2, The input requirements, use potential, size and shape of associ­
ated soil mapping unit areas may detennine the soil use alterna­
tives that are feasible for a given soil mapping^unit area. 
Remedial hypotheses; 
In order to develop remedial measures for the problems delimited a-
bove, the following remedial hypotheses were formulated: 
1. If soil use alternatives identified through soil survey in te ip rota­
tion are feasible for some soil areas, then there are success 
elements in present methods of soil survey interpretation that 
can be more fully adopted, ^ 
2. If there are obstacles that have prevented tlie identification of 
important soil properties in relation to soil use decisions, then 
there are potential remedial measures dormant in the problematic 
situation that can be developed to overcome these obstacles. 
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Methods Used in Testing the hypotheses 
A brief outline of the methods used to test the above hypotheses is 
presented in this section. Details of these methods will be elaborated in 
following chapters. 
The initial stage of the study was concerned with identifying the 
types and frequency of soil use decisions that are likely to be encountered 
in selected Iowa counties. Randomly selected 80-rod transects were employed 
to identify potential soil use decisions on soil maps. Potential soil use 
decisions were defined for frequently encountered soil conditions in each 
of the study counties. Each encounter was regarded as a potential soil use 
decision. This method was designed to provide a test of feasibility of 
application of differential treatment for each soil mapping unit area. 
In the second stage of the study, quarter section samples from Adams 
and Humboldt counties were utilized in an attempt to conceptualize size and 
shape of soil mapping unit areas as identifiable soil properties. The size 
of individual soil mapping unit areas was determined with an electric area 
calculator. An index of regularity was developed to characterize the shape 
of individual areas of extensive soil mapping unit areas. Chi-square analy­
sis and analysis of variance were used to test for significant differences 
in size and shape of soil mapping unit between extensive soil mapping units. 
This phase of the stucfy was designed to test the diagnostic hypothesis that 
size and shape of soil mapping units are identifiable soil properties. 
In the third stage of the study, three soil use models were developed 
to determine the extent that erosion control technology necessary for maxi­
mum row crop intensity could be feasibly applied on fields of 20, 40, 80 and 
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160 acres in size. A goal of maintaining soil erosion losses within soil 
loss tolerances was assumed. Feasibility of application was assumed with 
the vertical technology model. The erosion control lAodel was more restric­
tive in that size and shape of soil areas subject to erosion were considered 
in de te mining feasibility of application of erosion control technology. 
When application was not feasible, a less intensive cropping sequence was 
considered. The third model was the soil pattern model. It included con­
sideration in input requirements and use potential of associated soil areas 
in de te mining suitability of the various fields for a given cropping se­
quence. Data from the vertical technology and erosion control models were 
utilized in testing the problem delimiting and diagnostic hypotheses. Com­
parisons of data from the erosion control and the soil pattern models per­
mitted testing of the diagnostic and remedial hypotheses. 
In the final stage of the analysis, separate soil use potential esti­
mates were prepared on the basis of soil groups, on the basis of land use 
capability subclasses and on the basis of conceptual soil use potential 
classes for the sample data from Adams and Humboldt counties. The concept­
ual soil use potential classes included a consideration of the spatial soil 
characteristics of size and shape of soil mapping unit area. Although pri­
marily designed to test the remedial hypotheses, further testing of the prob­
lem delimiting and diagnostic hypotheses was also possible. Potential uses 
of the concept of soil use potential classes were considered in this final 
stage of the study. 
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APPRAISAL OF CURRENT METHODS OF 
SOIL SURVEY BTERPRETATION 
Soil surveys consist of studying, identifying and mapping soils in 
the field, interpreting the facts about soils and their relationships which 
result from field and related studies, and preparing and publishing the 
results. Soil surveys show the geographic distribution of soils and pro­
vide a link between the fundamental or basic and applied phases of soil 
science. Soil surveys and soil classification are of necessity closely 
linked together (43). 
The soil classification system used in the Soil Survey in the United 
States for many years has had the dual functions of (a) organizing, devel­
oping, and stimulating the search for knowledge about the origin and gene­
sis of soils, and (b) serving as a base for the application of technology 
in farming. The latter function has brought about the need for more pre­
cise predictive statements and the resulting requirement of narrower ranges 
of classificational units. The soil genesis function has been responsible 
for the development of concepts which have resulted in increased homogeneity 
of soil classes (51). Although the functions of soil classification have 
remained relatively constant, the system of classification employed has 
changed. The system in use at any point in time is a reflection of the 
prevailing concept of the soil. 
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Concepts of the Soil 
In recommending the establishment of the National Soil Survey, Whitney 
indicated the need "to investigate and map the important soil areas in 
accordance -with their geological relations and their agricultural value" 
(90, p. 241). The reference to the geological relation of soils is an indi­
cation of a concept of the soil which existed in the United States from 1899 
to 1912 (4). However, as pointed out by Riecken (51)» soil scientists as 
early as I9O2 and 1904 recognized that the subsoils of forested soils had 
more strongly developed structure than prairie soils in the same areas, 
Coffey (12, p. 8) considered the soil as "an independent natural body, 
a bio-geological formation differing essentially from rock which underlies 
it, although closely related to it," He regarded soil as the one great for­
mation where organic and inorganic kingdoms met. His study included a re­
view of many of the European concepts of the soil and was probably particu­
larly influenced by the concept of the soil developed by Dokuchaiev in 
Russia, 
The concept of the soil as a natural body was emphasized and further 
developed by Marbut during the period 1921-1935. He emphasized the Russian 
concept of soils vghich considered soils as independent natural bodies with 
unique morphologies resulting from a unique combination of living organisms, 
climate, parent rock materials, relief and time. The soil profile and its 
internal characteristics received major emphasis (8?), 
Beginning about 1930, the concept of the soil was gradually broadened 
to include the dimensions of length and width (or area) as well as the pro­
file dimension of depth. Soils were thus regarded as three.dimensional 
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landscapes (4). 
Simonson (71) has presented the concept of the soil which is widely-
held in the United States at the present time. Each soil is regarded as a 
geographic body with length, breadth and depth. Soils are considered to 
have distinct upper boundaries where they meet the atmosphere, indefinite 
lower boundaries where they grade into weathered rock and indistinct lateral 
boundaries where each soil body grades into other unlike soil bodies, IXie 
to the gradational boundaries, the soils of the world may be regarded as 
forming a continuum. 
Each soil type consists of a number of separate geographic bodies or 
segments of the soil continuum. A soil type (or other taxonomic unit) may 
be subdivided into two or more soil phases primarily on the basis of exter­
nal features that are of significance to soil use and management. Soil 
mapping units consisting primarily of phases of soil types or single phase 
soil types are delineated on detailed soil maps. Thqr may include up to 15^ 
of other taxonomic units. Soil mapping units may also consist of soil com­
plexes of two or more geographically associated units that can not be separ­
ated at the prevailing scale (8?). 
Development of Interpretive Aspects of the Soil Survey Report 
The concept of the soil whidi prevails at any point in time provides a 
framework for the development of the materials ^ Aich serve the function of 
helping people select, use and manage soils. The development of soil survey 
reports in the United States parallels the development of the soil concepts 
discussed above, A study of the published county soil survey reports pro-
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vides a fair history of this aspect of soil survey activities (51). Soil 
survey reports for various Iowa counties were utilized in this study to 
illustrate the evolution of the modern soil survey report. Analysis of 
reports from many other states could serve this purpose equally well, 
Ihe first soil survey report published by the Iowa Agricultural E^qper-
iment Station was the Bremer County report of 1917 (80), The Bureau of 
Soils, United States Department of Agriculture, however, had published a 
report for Bremer County several years earlier. The "dual reporting" of 
soil survey activities continued until about 1940, The reports published 
by the United States Department of Agriculture included a soil map, descrip­
tion of the soils mapped and general information relative to the particular 
county. The map was published on a scale of 1 inch = 1 mile. The Experi­
ment Station reports included similar materials-although the soil map was 
on the scale of 1 inch = 2i miles. In addition, the Experiment Station re­
ports included rather detailed infbrmation on total analysis of soil samples 
from the county, the results of pot and field experiments and general soil 
management suggestions. Suggestions for the nanagement of problem soils 
such as peat soils, alkali soils, gumbo and "push" soils were included when 
applicable in a particular county (76, 77, 78), 
The Bremer County report established a pattern which was followed 
quite closely for about twenty years. One interesting difference, from a 
historical point of view, between the Bremer County report and those which 
followed was In. the naming of soil types. In referring to the soil type de­
scription, the Bremer County report stated, "Within these general classes 
(referring to drift, loess, terrace, swamp and bottomland, and residual 
soils), different soil types are differentiated on the basis of their con­
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tent of sand, silt, and clay .... and according to their color, the charac­
ter of their subsoil and, in some cases, their topography. Type names are 
based on these characteristics entirely and meaningless proper type names 
are dispensed with." (80, p. 18). The "meaningless proper type names", how­
ever, appeared in the soil survey report for Pottawattamie County as well 
as all other Experiment Station reports. The proper or place names were 
used in the United States Department of Agriculture reports for Iowa counties. 
The descriptive name system was used in reports published by the Illinois 
Agricultural Experiment Station until 1933 (^5). 
The soil type descriptions in the early reports included a brief de­
scription of the soil type with respect to color and texture of surface soil 
and subsoil. In addition, estimates of average crop yields were included. 
In the Webster County soil survey report, Webster loam was said to be highly 
productive with average crop yields for com, oats and timothy-clover hay of 
50 bu., 40 bu., and If tons per acre respectively (77). 
Variations in the soil types as mapped were reported in the Polk 
County report (79). Webster silty clay loam, as mapped in Polk County (in 
1922), was said to include lake-like depressions with peaty surface soils 
and small pond-like depressions that were frequently surrounded by small 
narrow areas of alkali soils. 
The amount of detail in mapping gradually increased. The scale of the 
maps included in the Experiment Station reports was too small to accomodate 
the detail at which the soils were mapped. Beginning with the Crawford 
County report (9) and until about 1940, the soil maps included in the E:q?eri-
ment Station reports were identical to those included in the USDA reports, 
A larger scale of 1 inch = 1 mile was used for the map. 
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The pattern of soil survey reports during this initial period reflec­
ted the concerns of soil science of that era, Ençhasis was placed on total 
analysis, pot and field fertility experiments and the development of the 
philosophy of permanent soil fertility through limestone, legumes and phos­
phate. 
The pattern of soil survey reports published by the Iowa Agricultural 
Experiment Station changed significantly with the publication of the Frank­
lin County report in 1940 (72). The formation of the soils of the county 
was discussed on the basis of the five genetic factors of soil formation, 
A grouping of soils on the basis of internal drainage and surface color 
characteristics provided a framework for discussing the various soils. The 
soil groups included well drained, dark colored, soils; well drained, light 
colored soils; and soils having slow natural drainage. The concept of soil 
productivity as a function of soil properties, climate and management was 
stressed rather than the concept of permanent soil fertility. Separate 
suggestions for crop rotations were included for flat to gently undulating 
land and for rolling or lighter textured soils. The importance of detail 
and precision in mapping was stressed. 
This second period in the development of the modem soil survey report 
extended from about 1935 to 1950. The period may be characterized as the 
period of the development of the productivity ratings. Each soil mapping 
unit was given a rating according to its capacity to produce the important 
crops of the county. Clarion loam in Cerro Gordo County, for example, was 
given a crop productivity rating for com of 95 where a 50 bushel acre com 
yield was equivalent to a rating of 100 (20), 
The modem county soil survey report in general follows the pattern 
set by the Tama County report which was published in 1950 (3). This era is 
marked by increased detail in mapping, more precision with respect to mapping 
due to the use of aerial photographs, more precise predictive statements re­
lative to the use and management of soils for agricultural purposes and in­
clusion of interpretative infonnation relative to non-agricultural applica­
tion of soil survey information. 
The increase in detail and precision included the addition of slope and 
erosion phases to the growing list of mapping units. Crop yield estimates 
for each soil mapping unit were presented in table form in terras of defined 
crop production or soil use systems including rotation, erosion control 
practices and general lime and fertilizer suggestions (3). 
For purposes of discussing the problems of soil management, Aandahl, 
et al. (3) classified the soils of Tama County into thirteen groups. The 
criteria for classifying the soils into the groups included topography, tex­
ture, degree of erosion, natural drainage and organic matter (as indicated 
by soil color). 
The Tama County report also included tables of the principal character­
istics of the various soil series, soil use problems, practices and limita­
tions and crop productivity indexes. The soil survey reports of a particu­
lar period, on the basis of the detail of the soil map, the precision of 
interpretive sta.tements, the specifity of inputs and outputs for various 
levels of crop production, etc., reflect the state of knowledge of soil 
science with respect to the dual functions of soil classification, namely 
increasing basic understanding of soils and providing a basis for rational 
soil use decisions. 
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Vertical and Horizontal Application of Technology 
The development of the soil survey especially from the standpoint of 
its "applied function" has been brought about by technological development 
in the broad field of agricultural production. Riecken (51) pointed out 
that these developments have brought about a trend toward specificity of 
predictive statements which in turn has brought about an increase in the 
number of soil separations, i.e. soil mapping units. McCracken (41) illus­
trated this increase by ccmparing the 1903 and 1941 soil maps for Story 
County and the 1921 and 1953 soil maps for the northern portion of Polk 
County. In Story County, the number of mapping units increased from 6 in 
1903 to 40 in 1941. In the northern portion of Polk County, the number of 
mapping units increased from 29 in 1921 to 164 in 1953. 
The increase in mapping units is a reflection of increased knowledge 
of soil genesis and morphology and represents an effort to provide homogen­
eous soil areas with respect to crop response to technological inputs. The 
homogeneity of soil mapping units pennitted an increase in precision of 
predictive statements as shown in the modem soil survey reports. 
The increase in precision of predictive statements has permitted great­
er insight into the effects of incremental application of yield increasing 
inputs on the physical crop production potentials of individual mapping 
units. This increase in precision has been with respect to vertical appli­
cation of technology which has been defined by Riecken (5I) as the appropri­
ate applicable yield increasing inputs on a homogeneous soil situation. 
The vertical aspect reflects the use of point estimates with respect to re­
sponse to application of technology. To obtain the required precision with 
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respect to crop response to technology, soil and crop scientists have of 
necessity utilized small plot techniques to a great extent. The small plot 
data may be regarded as point estimates with respect to a particular soil 
mapping unit. An individual area of a soil mapping unit may be regarded as 
a point estimate with respect to the aggregated total area represented by a 
single mapping unit. 
Spatial features of a soil mapping unit may limit the extent to which 
technology can be applied. The size, regularity and associated mapping 
units may be the determining soil factors with respect to the inputs applied 
to a given area of a soil mapping unit. Although the concept of the soil 
as a three-dimensional landscape unit is a relatively new one, the effect 
of size and shape of soil areas on soil use has been recognized for many 
years. Lapham and Marbut (39) in 1913 described the black clay loam soil, 
phase of the glacial and loessial province as occurring in comparatively 
small areas which ranged in size from one-fourth acre to 100 acres or in 
rare instances as much as 1000 acres. They stated, "The greater part of 
such areas, however, contain only a few acres and are irregular in size and 
shape so that it is common practice to cultivate them along with an associ­
ated soil type in the same field" (39, p. I63). 
Shrader and Riecken (66) indicate that com can be produced at a lower 
cost where large scale equipment can be used and wnere relatively high 
yields can be obtained than where yields are low and costs high. 
Interpretation of soil survey data relative to the adaptability of 
large scale equipment and other production tecnnology has been made by 
Schaller et al. (56). These workers provided qualitative evidence that the 
size and shape of soil areas influenced com production potential in sev­
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eral different soil situations in southern Iowa. Quantitative data are 
lacking, however, 
Riecken (51) has illustrated the relationship of the concept of verti­
cal technology to the achievement of crop production potentials. In Tama 
County, the 64,000 acres of Tama silt loam, level phase could, with full 
application of com production technology, produce about 5,800,000 bushels 
of com per year. Some areas of Tama silt loam, level phase, are associ­
ated with Muscatine silt loam which also occurs on nearly level topography. 
Other areas of Tama silt loam, level phase, are associated with and field-
dominated by more sloping soils. The probability of being able to apply the 
full technological complex would be greater for the first case than for the 
latter one. This example illustrates the need to consider the spatial as­
pects of "horizontal application of technology". 
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ANALYTICAL FRAMEWORK 
Decisions involving the use of soil resources are made within a three-
dimensional framework which includes the physically possible, economically 
desirable, and institutionally acceptable dimensions. Analysis of soil use 
alternatives involves a joint consideration of data from each of the dimen­
sions although physical, social and political scientists have unique con­
tributions to make (13). 
Physical and biological scientists are concerned with determining what 
is physically possible in the use of soil resources. The starting point is 
the supply of resources and production possibilities as influenced by 
existing technology. The physically possible may change over time due to 
improved technology. 
The economically desirable dimension involves the determination of 
economic consequences of the physically possible alternatives. This dimen­
sion begins with the wants of people. It inwlves the detenaination of 
economic consequaices of various physically possible alternatives. These 
consequences daange over time as changes in demand for goods and services 
occur. Demand dianges originate with population growth and changes in 
tastes of people as e^çressed by such preference indicators as the price 
and voting mechanisms. Technological change can also bring about changes 
in the economic consequences of physical possibilities. 
The institutionally permissible dimension is defined by the set of 
laws, rules, customs and traditions which exert control over human behavior. 
The institutions vrtiich affect soil resource use are man-made and are con­
stantly being changed ty man in the process of satisfying his wants. 
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The physical dimension of soil resource use sets the "bounds" or physi­
cal limits of production at a given level of technology, the economic dimen­
sion is concerned with the deteimination of the economically feasible limits, 
and the institutional dimension specifies the concerns of society with re­
spect to soil resource use. The present stuc^y is concerned with the physi­
cally possible dimension, 
A Norm for Soil Resource Use 
Land policies may be considered as major lines of public action which 
are designed to improve the use of land resources and the conditions of pro­
perty rights under ;riiich people work and live on the land. The objectives 
of land policy are governed by the desires of people and how the functions 
of government are defined in bringing about better land use and tenure. 
Changes in land policies are desired when people either do not like exist­
ing conditions or when they visualize better conditions than those now 
existing,. In developing dislikes for existing conditions or in visualizing 
improvement, people have in mind some goal or norm which is useful in de­
fining the degree to which the present situation departs from the norm. 
The norm has grown out of individual value judgments which collectively 
form a group or society set of value judgments lAich mold public policy when 
held and communicated by a sufficiently large portion of society (83). 
Land policy is one segment of a nation's overall economic policy. The 
master goals of economic policy are (a) maximization of social product over 
time, and (b) optimization of income distribution over time, Timmons (83) 
has pointed out that land policy goals must be geared to and subservient to 
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the master economic goals. Land use goals are concerned with the degree of 
land use intensity and the land use systems ^ ich will maximize the long 
run social product. 
Timmons (84, p. 7) has suggested that the pertinent research question 
relative to land policy is, "How should our land be used over the long pull 
if land is to make its maximum contribution to economic growth and to what 
extent will this utilization help solve the imbalance problems within the 
farming industry?" 
Land resources have been defined as including all the attributes that 
go with a particular space of the earth including soil, water, climate, 
vegetation, wildlife and location (85). The present study is concerned with 
the portion of the land resource^, that are utilized in primary agricultural 
production—specifically the soil resources and the climate of an area or 
areas within the state of Iowa. 
The goal or norm for soil resource use assumed in this study is; 
Soil resources should be used so that they may provide, over time, 
maximum income to the agricultural producer and food and fiber at lowest 
possible cost to the consumer consistent with society's goals for soil con­
servation. 
The Relationship of Soil Survey Inteipretation 
to the Soil Use Nom 
Soil survey interpretation in relation to the soil use norm stated a-
bove should be designed to provide physical coefficients which can be utilized 
in economic analysis of the soil resources of an area whether the ai-ea in 
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question be a fara, a county, a region or a state. If the nom is to be 
achieved, the intensity of soil use should be such that goods and services 
derived through soil resource use are produced at a high degree of economic 
efficiency. Soil resources will need to be evaluated in terns of their ca-
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pacity to absorb additional units of technology in the form of machines, 
materials, ideas and techniques. This implies that soil survey interpreta­
tion as a means to the end-in-view of maximizing soil use efficiency will 
need to provide (a) estimates of expected crop output at various input lev­
els for individual soils, and (b) the extent to which these technological 
inputs can actually be applied to the individual soils. This study is pri­
marily concerned with point (b) above. 
The Soil as a Resource 
The concept of soil resources with respect to the capacity of these 
resources to provide goods and services desired by people i^Aien combined with 
other productive factors has changed through the years. These changes have 
involved differences with respect to the exhaustibility of soils, 
Whitney (91, p. 66) regarded the soil-as the "one indestructible, 
immutable asset that the nation possesses". He considered the soil as one 
resource which could not be exhausted. He felt that soils deteriorated 
through neglect and through insufficient and injudicious cultivation. 
Other factors responsible for soil deterioration, according to Whitney, 
were short tenure and inadequate capital of tenant farmers, removal of the 
surface soil throu^ erosion and continuous cultivation of one crop. Crop 
species were thought to give off organic bodies which exerted a toxic effect 
on the same crop if it were grovjn Cor more than one year consecutively. 
Methods of soil sanitation, namely, proper drainage, cultivation, aeration, 
rotation, and fertilization, would serve to indefinitely maintain the soil 
as a means of feeding mankind. 
Hopkins (28) vigorously disagreed with Whitney's concept of the soil 
as an inexhaustible resource in which fertility could be indefinitely main­
tained without the restoration of plant food. Hopkins (23, p. 3^1) stated, 
"The possible enormous and irreparable damage of such teaching lies in the 
fact that even our remaining supply of •'good land will ultimately be de­
pleted by the present practices beyond the point of self redemption." Hop­
kins considered limestone, phosphorus and organic matter as the constituents 
whic h had to be supplied to most soils in order to increase or at least 
maintain their productive power. Thus, Hopkins regarded the soil as a renew­
able resource to the extent that they could be maintained or improved through 
the application of limestone, phosphorus and organic matter. 
Bennett (6, p. 7) regardea the soil as an irreplaceable resource. He 
stated, "Soil is reproduced from its parent material so slowly that we may 
as well accept as a fact that, once the surface layer is washed off, land 
so affected is, from the practical standpoint, generally in a condition of 
permanent impoverishment." He pointed out that soils differ in the degree 
to which they are permanently impoverished by soil erosion, depending upon 
their subsoil characteristics. 
Gustafson et al. (23) classified natural resources as renewable and non­
renewable resources. Soil resources were regarded as non-renewable or ex­
haustible because soil formation required long periods of time, although 
soil fertility could be restored. If the surface soil were washed away, 
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however, the soil was regarded as being gone forever. 
Simonson (69) considered the effect of cultural as well as natural en­
vironment on the productive capacity of soils. He pointed out that past 
erosion had not reduced productive capacity of prairie soils generally, al­
though it had increased the cost of production and that erosion could perma­
nently reduce the productive capacity of some praiiie soils such as those 
which had subsoils high in clay. Simonson (70) regarded the soil as a re­
newable resource iriiich could be used for production of food and fiber and 
allowed to deteriorate or which could be used and improved at the same time,• 
In an analytical framework for economic purposes, natural resources 
are characterized with reject to their availability over time, their stor-
ability, and their renewability (13)• Flow resources include those i^idi 
became naturally available in a certain quantity per period of time such as 
a day, a month, a year, etc. They could be either storable (within limits) 
or non-storable. Rainfall is an example of a storabLe flow resource. Fund 
resources are diminished by previous use and can be exhaustible but renew­
able, such as soil fertilily; or exhaustible but non-renewable, such as cer­
tain ground water reserves. In this framewoik, soil resources are regarded 
as composite resources since they have storable flow, non-storable flow, re­
newable iUnd, and non-renewable fund characteristics. 
The concept of renewability with respect to soil resources has certain 
limitations. As usually defined, to "renew" is to make new again, to re­
place, or to restore to fullness. The impact of technology on soil resources 
has frequently been to inçrove their ability to provide goods and services— 
that is, to provide goods and services in excess of "original" capacity. 
At the present level of technology, soils with very slowly permeable sub­
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soils, such as Clarinda silty clay loam, or soils which are shallow to lime­
stone, such as Dubuque silt loam, may not be renewable in the sense of res­
toration to their original state if allowed to become severely eroded. How­
ever, it is not inconceivable that technological innovations could overcome 
such limitations and provide for improvement of the soil resources in some 
future period. 
The physical possibilities of soil resource use are determined to a 
large extent by the degree to which technology can remove limitations. 
Modem man, according to Vernadsky (89), is a large scale geological force 
operating in the "nobsphere" which is described as a state in which man is 
capable of rebuilding the province of his life for the bette ment of human­
ity through his work and thou git. Bidwell and Hole (8) stated that man, 
through application of technology, acts beneficially and detrimentally with 
respect to soil resources. They defined the "psycosphere" as the discon­
tinuous layer that contains the loci of minds where ideas and motivations 
develop. They regarded the pedosphere or soil sphere as the excited skin 
of the earth's crust which is influenced l?y conditions at the interface be­
tween the lithosphere, atmosphere, and land associated hydrosphere and which 
is molded by the psycho sphere. 
A useful concept of soils as resources should include a recognition of 
the implications of the concepts of the noosphere or the psycho sphere. Con­
cerns in soil resource use include uncertainty about the future. Uncertain­
ty as a state of mind relative to the future would not be excluded in a psy-
chosphere or noosphere concept of soil resources. 
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Soil Management 
A number of factors de te mine the capacity of a particular soil to 
satisfy the requirements of economic plants, i.e. for crop production. 
These include (a) suitability for machines necessary for most efficient 
production, (b) effective resistance to destructive soil erosion or soil 
depletion, (c) adequate water holding capacity to meet the crop requirements 
under normal rainfall or irrigation, (d) adequate aeration to a suitable 
depth, (e) adequate available plant nutrients for profitable yields, and 
(f) freedom from adverse chemical, weed, insect or disease conditions (W|), 
Soils which most nearly satisfy these requirements have been referred to as 
"ideal" soils (66, p. 6?). 
Satisfying the above requirements within the limitations imposed by 
soil and climatic factors has generally been regarded as the province of 
soil management. Soil management has been defined as the preparation, mani­
pulation, and treatment of soils for the production of plants including 
crops, grasses and trees (88), 
Traditionally, soil management has been defined as a set of "good" 
soil management practices. This has generally included provision for (a) 
suitable tillage, (b) adequate drainage, (c) organic matter maintenance 
through animal manure, green manure, and crop residues, (d) proper crop ro­
tation including legumes, (e) adequate plant nutrients, (f) lime for acid 
soils, and (g) adequate erosion control (14, 22, 24, 38, 92), 
Cook (14) defined management as the Explication of certain production 
practices. He stated that soils are predestined their characteristics 
to fall in a fixed production range. "Correct" management would raise them 
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to the top of the range, 
Aandahl (1) defined levels of soil management as strata of soil man­
agement systems iriiich result in yields of a ^eoiflc crop within a given 
range for each soil. He regarded the highest stratum or level of soil 
management as the one which included those management systems that resulted 
in the highest yields per acre for the soil type, A system of soil manage­
ment includes all factors that can be controlled by man. The definitions 
given above for soil management are essentially the same as Aandahl's de­
finition of system of soil management. 
The concept of management as described above is different frcxu that of 
business, industrial and farm management areas. 
Hodges (27), in discussing management principles, regarded the pro­
vince of modem management as the effective coordination of men, materials, 
machines, money and-markets. He defined management as the accanplishment 
of objectives through the use of men, materials and machines. He stated 
that from a technical standpoint, the broad management duties of the top 
executive were to plan, to organize, to direct, to coordinate and to con­
trol, The techniques of control were designed to measure the results 
against the planned objectives. 
Spencer and Siegelman (74) stated that the functions of managers could 
be classified into two distinct levels of activity, namely, coordination 
and supervision. The coordinating function was defined as the process of 
decision making, that is, the process of selecting one action from two or 
more alternative courses of action, %e coordinating function was said to 
be needed in any environment where the future was uncertain, but where de­
cisions had to be made and plans formulated by some one or some group on 
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the basis of expectations of the future. The supervision phase was said to 
involve the fulfillment of plans already established. Hence, it required 
little, if any, coordination of a decision-making nature. 
Taylor (81) defined creativity as the process of generating better 
alternatives according to acceptable criteria. He divided decision making 
into creative decision making, i.e. the generation of better alternatives 
according to acceptable criteria, and economic^decision making, i.e. a selec­
tion of the best alternatives according to economic criteria, Taylor de­
fined two roles of the executive, i.e. the manager. The first of these was 
to name standards, that is, see that activities were performed as planned, 
that costs did not exceed a predetermined standard cost, that labor per­
formed the job by the preset standard method, that the required labor and 
material were on hand, that the shipment occurred on schedule in the right 
quantity, that the planned quality of the product did not deteriorate, etc. 
This role is essentially the supervision function which is described above. 
The second role, according to Taylor, was to improve existing standards so 
that the companies could maintain or improve profits, that is, the manager 
must generate alternatives (81). 
These concepts of management are considerably different than the con­
cept based on the definitions of soil management, given previously. The 
connotation of "good".or "correct" soil management implies that the "best" 
alternative from among the set of available alternatives has been pre­
selected. 
Case and Johnson (10) defined farm management as the field of study 
whidi considers the efficient organization and skillful operation of a farm 
for the purpose of securing the maximum continuous profits consistent with 
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the welfare of the farm family. Management defined in this framework is 
consistent with the coordinating function or with management in a decision 
making framework if it is assumed that the farm family has selected maximi­
zation of income as its goal or objective. 
Soil survey interpretation becomes involved in the area of decision 
making insofar as various aspects of planning are concerned. Kellogg (34) 
stated that there were two primary aspects in planning as far as the use of 
soil was concerned. Die first of these aspects influenced the individual 
soil user. The second included those things which were done on a community, 
regional, state, national or international basis by a group of individuals 
working together in some sort of social institution. He regarded planning 
as an attempt to prepare for the future, that is, pre-arranging a course of 
action for the future by using experience and knowledge which is presently 
available. As far as planning for soil use is concerned, Kellogg (35) 
stated that planning is a conscious attempt to approach adjustment between 
the soil and people in order to guide and harmonize nature and cultural pro­
cesses. Soil survey interpretation in a decision making framework with re­
spect to agricultural use of soil resources has involved the generation of 
alternatives. The development of cropping systems with various cropping se­
quence-mechanical erosion control practice combinations is an example. 
Crop Rotations and Crop Production Possibilities 
Crop rotation has been defined as a cropping system that provides for 
the production of two or more harvestable crops in succession on the same 
land (40). The rotation of crops on tilled fields is an old practice as 
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indicated in Roman writings prior to the Christian era. The early rotations 
consisted essentially of a three-field system of winter grain, spring grain 
or beans, and fallow. Rotations that included cultivated grasses and clo­
vers in place of fallow were used to some extent in the 17th century (6), 
Rotations including the use of clover during the fallow year were advocated 
for use in New England during Colonial days by such early conservationists 
as Samuel Deane and Solomon Drown (52). The permanent fertility system such 
as that advocated by Hopkins and others included the adoption of a good ro­
tation of crops that included liberal use of legumes (29), Pierre and 
Riecken (49) pointed out that early soil management systems in the midland 
feed region revolved around lime, legumes (in crop rotations) and livestock. 
Crop rotations have been credited with numerous advantages centering 
around the effect of the legume crops on the other crops in the rotation. 
Leighty (40) listed the advantages of a crop rotation as (a) keeping the 
soil in suitable physical condition, (b) maintaining the siçiply of organic 
matter and nitrogen, (c) providing a practical means.of utilizing farm man­
ure and fertilizer, (d) keeping the soil occupied with crops, (e) changing 
the location of the root feeding zone, (f) counteracting the possible dev­
elopment of toxic substances, and (g) the improvement of crop quality. 
Favorable effect on crop yields, provision for erosion control and provision 
for disease, weed and insect control are implied in these advantages. Cook 
(14) also felt that the diversification resulting from crop rotations pro­
vided for broader distribution of labor and the assurance of a steadier in­
come, 
Leighty (40) also pointed out that in the Com Belt a desirable rota­
tion was one which provided the greatest value over a period of years. He 
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regarded com as the most valuable crop and felt that as much corn should 
be included in a rotation as was consistent with the maintenance of per-
acre yields and soil fertility and with the effective utilization of labor 
and equipment. 
Heady and Jensen (26) applied competitive and complementary enterprise 
relationships to e^lain the economic role of forage crops in the organiza­
tion of faras. They pointed out that forage crops were complementary to 
grain crops when an increase in the acreage of forage crops increased the 
total grain production from a given area of land. The complementary effect 
of forages was due to a yield increasing effect of the forage crop with re­
spect to the grain crop. Forage-grain combinations within the complemen­
tary range are desirable from the standpoint of maximizing returns over 
time. Price relationships are tminportant (assuming a forage value equal 
to or greater than zero) in the complementary range. If the production of 
forage crops is extended beyond the complementary range, however, forage 
crop production is competitive with grain production. Grain-forage price 
ratios serve as determinants of the profit maximizing forage-grain combin­
ation in the competitive range. 
The complementaiy-competitive relationships of forage and grain pro­
duction are illustrated in the iso-land crop production possibility curve 
in figure 1, The complementary range of forage to grain production extends 
from 0 to A, Grain production would increase by OY2 - Oï^ with the produc­
tion of OA forage. In this range forage production does not pose a problem 
of utilization since the total grain production as well as forage production 
increases. It may be possible to add to total profit by utilizing the for­
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_Figure 1, Iso-land crop production possibility curve. 
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grain production with respect to the utilization of land resources. Grain-
forage price ratios and grain-forage substitution ratios in livestock feed­
ing serve as choice criteria for profit maximization in the competitive 
range. 
In the early 1950's, technical substitutes which removed or lessened 
certain of the traditional advantages of crop rotations became feasible 
economic alternatives. These technical innovations include (a) low cost 
nitrogen fertilizer, (b) generally adequate chemical insect control, (c) 
more effective tillage and weed control methods, (d) improved crop varieties, 
(e) increased organic matter from heavier com plant populations, and (f) 
large capacity field equipment as well as other innovations. These innova­
tions made continuous com or intensive row crop production feasible cropping 
system alternatives. One study i^ich analyzed the physical implications of 
intensive cropping concluded that there was no apparent reason to restrict 
the intensity of row cropping on land that is not subject to erosion unless 
difficulties from poor tilth, poor drainage, insects, diseases or other 
factors made intensive cropping less profitable than some alternative sys­
tem (63), 
Duncan and Schaller (19) listed the following advantages for contin­
uous com compared to crop rotations: (a) the possibility of more adequate­
ly fitting a crop to a suitable soil, (b) increased profits through reduc­
tion in the acreage of low profit crops, reduced forage seeding costs and 
more effective utilization of residual fertilizer, (c) more effective weed 
control, and (d) increased flexibility in planning and adjusting the cropping 
program. Disadvantages cited included (a) increased capital inputs, (b) 
less favorable distribution of labor and machinery use, (c) increased ero-
33 
sion losses on sloping soils, (d) possibility of increased weed, disease 
and insect problems, and (e) possibility of the development of unfavorable 
soil structure on some soils. 
Crop rotation experiments which include the application of technical 
substitutes for legume crops have provided the basis for the recent recom­
mendations regarding cropping sequence alternatives. These studies, in gen­
eral, have shown that a wide range of cropping systems will produce high 
com yields. For example, Shrader, Pesek and Schaller (65) reported that 
maximum com yields for the 1956-60 period at several Iowa locations aver­
aged about the same for the four cropping systems studied. The cropping se­
quences were as follows : com-oats^eadow-meadow; com-com-oats-meadow-
meadow; com-corn-oats-meadow; and continuous com. Com yields averaged 
about 100 bushels per acre. 
Crop production possibilities based on various Iowa experiments are 
presented in table 1 (60). The soils on which these experiments are lo­
cated are level to nearly level. Yield data have been e^qjanded to show the 
production from 100 rotated acres for each of the locations. For ease of 
comparison, bushels of grain and tons of hay were converted to hundred 
weights (100 lbs.) of grain and hundred weights (100 lbs,) of hay respec­
tively. This pemits aggregation of com and oats which are approximately 
equal in value on a pound basis. In addition to the total production per 
100 acres, change in grain production, (AG); change in forage production, 
(AH); and the substitution ratio, A G/A H are shown. 
The substitution ratio represents the ratio of grain sacrificed to for­
age gained. Positive values indicate complementary relationships while neg­
ative values indicate competitive relationships. The data in table 1 provide 
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Albia Pasture Farm 1953-62 (Belinda silt loam) 
CCCC 60 4032 
COOM 0-60 2686 1350 -1346 1350 -.99 
com 0 1716 3100 • - 970 1750 -.56 
Carrington-Clyde Experimental Farm 195^-63 (Kenyon loam) 
CCCC 40 4256 
CCOM 40 3496 1950 - 760 1950 -.39 
CCOMM 40 2776 3O8O - 720 1130 -.64 
CCOMMM 40 2426 3767 - 350 687 -.51 
CCC 80 5656 
CCOM 40-80 3578 1700 -2078 1700 -1.22 
CCOMM ,40-80 2873 3080 - 795 1380 -.57 
CCOMMM 40-80 2479 3833 - 394 753 -.52 
Clarion-Webster Experimental Farm 1958-1962 
CCCC 0 2688 
CCOM 0 3II8 2100 430 2100 +.20 
COMM 0 2198 4150 - 920 2050 -.44 
CCCC 30 3920 
- 670 CCOM 30 3250 2050 20 50 -.33 
COI'M 30 2168 4150 -1082 2100 -.52 
Table 1. (Con tinned. ) 
Cropping Nitrogen Ibtal pro- Change in Change in <\G 
sequence rate duction per grain hay AH 
lbs N/acre 100 acres production production 
Grain Hay aG 
cwt. cwt. cwt. cwt. 
CCCC 60 4424 
CCOM 60 3346 2100 -1078 2100 -.51 
com 60 2076 3950 -1270 1850 -.69 
CCCC 120 5544 
CCOM 120 3640 2000 -1904 2000 
-.95 
com 120 2166 4000 -1474 2000 -.74 
Grundy-Shelby Experimental Farm 1953-62 (Grundy silty clay loam) 
CCCC 0 2296 
CCOM 0 2544 1500 + 248 1500 +.16 
CCCOM 0 2455 2233 - 89 733 -.12 
CCOMM 0 2255 2560 - 200 227 -.88 
COM 0 2195 1800 _ 60 760 -.78 
COMM 0 1696 3200 - 499 1400 -.36 
CGC 40 2968 
CCOM 20-40 2638 1500 - 330 1500 -.22 
CCCOMM 20-40 2607 2267 - 31 767 -.40 
CCOM 20-40 2309 2600 - 298 333 -.89 
COMM 20-40 1682 3150 - 617 550 -1.12 
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evidence for the existence of only ccanpetitive relationships where nitrogen 
fertilizer is utilized. The technological input—fertilizer N— has effec­
tively substituted for nitrogen from the legume crop in the rotation. Figure 
2, based on data from the Clarion-Webster fann at Kanawha, illustrates this 
substitution effect. 
Equating the substitution ratio with the inverse price ratio provides 
a choice indicator for choosing between alternative cropping sequences (25). 
Algebraically this relationship is; 
A G = P h  
ah Pq 
where ^  G and A H indicate change in grain and hay production respectively 
and Pjj and Pq indicate the per unit price of hay and per unit price of grain 
respectively, 
ïhe use of this relationship can be illustrated in a sorae^at differ­
ent way. Given the price of shelled corn of $1,12 per bushel and oats at 
$0,64 per bushel, at i^at price would hay become economically feasible (con­
sidering only the soil resource)? 
The assumed prices may be converted to price per pound of $0,02 or 
price per hundred weight of $2,00, The illustration given below is based 
on data from the Car ring ton-Clyde rotation experiment. 
40 pounds N per acre 
Ph=PG (ilg) = ($2,00)(.39) 
(AH; 
Pj£ = $ ,78 per cwt, = $15.60 per ton 
80 pounds N per acre 
Pg = ($2.00)(i,22) 
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Figure 2. Crop production possibilities based on rotation-fertility experiment, Clarion-Webster 
- — Farm 1953-1962. 
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Thus, a "profit maximizing" farmer at the 40 pounds nitrogen rate would 
need to value hay at $15«60 per,ton to justify forage production considering 
only utilization of the soil resource. At the 80 pound rate of nitrogen, a 
hay value of $24,40 per ton would be required. It should be pointed out 
that gross, rather than net crop values, have been used above. Production 
costs, labor distribution, machinery use, livestock operations and other 
factors would enter into the decision making process at the farm level. It 
should also be pointed out that soil erosion is not a problem on the experi­
ments cited above. 
Soil Productivity and Soil Use Potential 
The capacity of soils to absorb complexes of technology such as that 
described above for intensive row crop production varies from soil to soil. 
This variation is due to variation in internal or profile characteristics, 
to variation in the slope or topographic characteristics, and to variation 
in climatic conditions. The concept of soil productivity has traditionally 
been utilized to aggregate these and possibly other factors in terms of 
crop producing ability of soils. 
Aandahl (1) defined soil productivity as the capability of a soil dur­
ing a given period of time for producing a specified plant or sequence of 
plants under a specified system of management and under the natural environ­
ment of the area involved. The production is measured in terms of those 
parts of the plant which have economic significance. The ^stem of manage­
ment specified the set of management practices or the combination of tillage 
practices, crop rotations, fertilizer practices, etc. (87). 
An adequate system of soil classification and a means of sorting and 
analyzing the vast number of plant growth factors were essential for the 
development of the present concept of soil productivity. Three periods have 
marked the development of this modern concept (1). 
Crop yield estimates are based on data from a number of sources. Odell 
(46) lists surveys, farm records and experimental plots as sources of yield 
data. Shrader et £l, (6?) based crop yield estimates for Iowa soils on data 
from the federal census, Iowa farm census, Iowa Farm Business Associations' 
records, experimental farms, cooperative experiments with farmers and on 
farm experience by extension workers, soil surveyors and others. Federal 
census and Iowa fann census data were utilized to establish relative yields 
among the different major soil areas of Iowa. These data were also useful 
in setting average yield benchmarks anc. in studying year to year yield fluc­
tuations. Yield data from experimental farms were regarded as the most val­
uable aid in preparing crop yield estimates on a soil type basis in the Iowa 
.study. The farmer cooperative field trials were regarded as valuable supple­
ments to the experimental farm data. On-farm experience of various techni­
cal people was utilized in interpreting yield data from different sources. 
Small plot yields are frequently higher than yields obtained by farmers 
since the plots are hand harvested and gleaned (6?), Odell (46) found farm 
yields for corn and oats to be 75 percent of small plot yields while soybean 
and wheat yields were about 90 percent of small plot yields. 
The objective of a com yield study currently in progress in Iowa is 
to determine the crop yield level that is attainable under different soil 
management practices and different environmental and climatic conditions. 
The method of multiple regression will be used to estimate the productivity 
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of Iowa soils from the data collected. The yield estimate will be expressed 
as a function of physical, chemical and morphological soil characteristics, 
site characteristics, climatic variables, soil and crop management prac­
tices and other factors (18), It is hoped that increased precision in es­
timating crop yields will result from studies of this "type. 
Soil productivity, as indicated above, is usually measured in terms of 
crop yield per unit area (46), Per acre yields for a specified set of man­
agement practices have Imitations with respect to conçarisons of the agri­
cultural potential of an area. For example, if one desired to determine 
the com production of an area, per acre yield estimates on a soil type 
basis would be necessary but not sufficient for the task. As indicated in 
the discussion on crop rotations, grain production possibilities are a func­
tion of not only per acre yields but intensity of the cropping sequence as 
well. The attainment of the feasible com production possibilities is de­
pendent upon the suitability of the area in question for the technology 
"bundle" associated with each of the alternative possibilities, A large 
number of alternative possibilities are available and to indicate all of 
them would be a Herculean task. However, if the maximum com production 
possibility is provided, any production at lower intensity would also be 
feasible. With respect to Iowa, com (and soybeans in recent years) is gen­
erally regarded as the high profit crop. Expressing the maximum feasible 
com production potential of an area would be consistent with the soil use 
norm assumed earlier. 
Soil use potential may be defined as the optimum crop production possi­
bility of an area e^çressed in terras of bushels or tons per unit area per 
year. In this study the soil use potential will be defined for com pro -
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duction. Soil use potential will reflect yield per acre, maximum corn in­
tensity consistent with soil loss tolerances, and the capacity of the area 
to absorb the technology bundle for the indicated cropping intensity as in­
fluenced by spatial soil characteristics. 
Concept of Homogeneous Soil Areas 
The deteimination of the soil use potential of a geographical area 
such as a county or region is an important segment of the analysis of the 
area. Estimates of the potential and limitation of the soil resources of 
an area are needed for such varied purposes as economic analyses, land poli­
cy development and for use in program planning by public institutions such 
as Cooperative Extension Service. The soil use potential of an area should 
reflect not only vertical technology considerations, but horizontal tech­
nology considerations as well. The evaluation of the soil resources of an 
area with respect to soil resource potential and limitations normally re­
quires some assumptions relative to homogeneity of soils, input requirements 
and expected output, 
Cormack (15, p. 43) utilized the concept of homogeneous soil areas in 
analyzing the productivity of the soil resources on farms within a watershed 
/ 
area. Land within fams was divided into smaller units with the units re­
garded as homogeneous with respect to soil type, soil slope, antecedent 
erosion, crop sequence and conservation practice. The homogeneous units were 
. 
thus soil mapping unit areas or subdivisions of mapping unit areas if cropping 
sequence or conservation practice varied. The units ranged in size from ,6 
to 15 acres, although areas smaller than one acre in size were aggregated when­
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ever possible with the contiguous unit that had the greatest number of common 
characteristics. This concept of homogeneous soil areas is useful in anal­
ysis of the soil resources of individual farms for detailed studies such as 
watershed planning. However, the concept has limitations in areas with het­
erogeneous soil patterns. 
Shrader and Landgren (62) have suggested that any appraisal of produc­
tion potentials of an area has to be based upon classification of different 
soil resources into reasonably homogeneous groups. They pointed out that 
the Land Use Capability classification system provided the only soil group­
ings consistent throughout the United States, The system was originally 
designed to indicate the degree of susceptibility of land to hazards such 
as erosion, drouthiness and wetness but was not intended for use as a pro­
ductivity classification (37). Shrader and Landgren utilized a previously 
prepared groining of Iowa soils in placing the soils into five classes that 
reflected relative corn production suitability (62), They found close agree­
ment between the estimated com production potential for Iowa based on the 
five com production suitability classes and one based on the subclass 
categories of the Land Use Capability system. The agreement was regarded as 
justification for utilizing the latter ^ stem in estimating com production 
potentials for thirteen north central states. 
As pointed out Shrader and Landgren, the soil groupings described 
above have some utility in soil resource evaluation, ifowever, several 
limitations limit the ability of the systems, particularly the land use 
capability system, in characterizing an area with respect to expected out­
put levels and required input levels required or assumed for the expected 
output. These include the following; 
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1. Heterogeneity of expected yields of soils within a class or group. 
Based on com yield estimates published elsewhere, Iowa soils classified 
into Class I, Subclass lie and IIw include yield ranges of ?0 to 100, 60 
to 100 and 50 to 100 bushels of com per acre respectively (4?). 
2. Heterogeneity of inputs required or assumed for estimated yields. 
Harpster loam, a calcareous soil, frequently very deficient in plant avail­
able phosphorus is in Subclass IIw as is Webster siliy clay loam, a neutral 
to slightly acid soil with a generally higher level of plant available 
phosphorus. 
3. The extent that technology can overcome a soil limitation is inade­
quately expressed. For example, Wsbster silty clay loam (Subclass IIw) with 
adequate supplemental drainage has a com yield estimate of 91 bushels per 
acre, only slightly below the com yield estimate of 95 bushels per acre 
for Nicollet loam (Class I), 
4. Climatic variation may be responsible for greater inter-state var­
iation within a given class than between classes within an area. For exam­
ple, com production potention for Glass or Subclass I, He, Hie, and IVe 
for Kansas are estimated by Shrader and Landgren (62) as 65, 62, 56 and 50. 
bushels per acre for com respectively or a 15-bushel per acre range. In 
the same study, yield estimates for Class I soils in North Dakota, South 
Dakota, Iowa and Illinois are 60, 65, 92, 95 bushels per acre respectively. 
5. Application of complete technology complex is assumed. These 
assumptions are generally similar to those the vertical technology model 
utilized in this study. If it is not feasible to apply the assumed technol­
ogy due to spatial soil diaracteristics, the soil use potential may be 
overestimated. 
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Degree of Homogeneity of Soil Areas 
Homogeneity of the soil resources of an area such as a field may be 
defined with respect to use, input requirements and estimated yields. Tech­
nological inputs can and do change both the use and estimated yields of a 
given soil area. The life span of various types of inputs varies from . 
"once in a lifetime" inputs to those required more frequently than once in 
a growing season. This variation in life span can be utilized in defining 
different degrees of homogeneity. 
A very high degree of homogeneity would not require differential treat­
ment within the defined area. An individual mapping unit area with unifom 
past treatment would be an example of a ver^'' high degree of homogeneity 
with respect to use, input requirements and estimated yields. 
A high degree of homogeneity would include soils which required dif­
ferential intra-area treatment on a "once in a lifetime" basis. The appli­
cation 01 such inputs would be regarded as non-recurring within the plan­
ning horizon of an individual. Tile drainage of Webster silty clay loam 
in a field that also included Nicollet loam would be an example of such an 
input, A moderately high degree of homogeneity would include soils which 
required a differential intra-area treatment with a life span of 4 to 10+ 
years. Limestone applied on moderately acid Clarion soils in a field that 
included slightly acid to neutral Clarion or Nicollet soils would be an ex­
ample of an input that generated a moderately high level of homogeneity. 
Installation of graded terraces in a field including gently sloping Sharps-
burg silty clay loam and Macksburg silty claj'" loam would generate a moder­
ately high degree of homogeneity. 
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A moderate degree of homogeneity would include soils that required 
some type of differential intra-area treatment on a 2 or 3-year frequency. 
Periodically heavier rates of phosphorus and potassium required on calcar­
eous soils such as Haipster loam compared to the optimum rates for associ­
ated soils such as Nicollet would be an example of a moderate degree of 
homogeneity. 
A low degree of homogeneity would include a differential intra-area 
treatment that recurred on an annual basis. A favorable effect of fall 
plowing of a soil such as Webster silty clay loam vs. a soil subject to 
severe erosion if fall plowed could lead to a soil use decision vriiich 
called for an annual differential treatment. Differences in row and/or ni­
trogen fertilizer requirements on different soils in a field could also • 
generate a decision to differentially treat the areas in question. 
A very low degree of homogeneity would be associated with (a) a soil 
mix that included one or more soil areas which required differential treat­
ment more frequently than once a growing season and/or (b) a soil mix that 
included one or more soils with limitations not practical to ameliorate 
with currently available technology, A soil with a low water holding cap­
acity that required frequent irrigation for homogeneity of yield with assoc­
iated soils would be an example (a). Soils shallow to limestone such as 
Sogn loam associated with deep soils would be an example of situation (b) 
above. 
The concept of degree of homogeneity was utilized in grouping the 
soils of Adams and Humboldt counties into soil use potential classes. 
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Concept of Source-Consequence Areas 
The application of technology to an area or sub-area of a field such 
as a soil mapping unit area influences the use of associated soil mapping 
units as well. Treatment effects may also be registered on areas away from 
the field in question. 
Pavelis (48, p. 5) and Cormack (15, p. 21-22) refer to source-conse-
quence areas with respect to economic analysis of watershed development. 
The source-consequence concept considers a watershed as a group of sub-
areas which are "source" areas if they contribute to hydrologie damages and 
"consequence" areas if they are "toe recipients of hydrologie damage. An 
individual area may be a source area and a consequence area simultaneously. 
For example, an upland sloping soil may erode under a certain system 
of use such as continuous row crop cultivated up and down slope. The up­
land soil area would be a source of sediment which would have an effect or 
consequence on other areas. Low-lying crops might be "buried" beneath the . 
sediment in which case a negative consequence would result due to damage to 
the crop. On the other hand, the deposition of a layer of medium textured 
sediment over fine textured materials may be a positive consequence over 
time. The deposition of silt from Ida and Monona soils over fine textured 
materials in western Iowa bottomland areas or the deposition of loamy sedi­
ments in potholes in North Central Iowa are examples of such positive conse­
quences. 
The source area may, if sediment removal is severe enough, register a 
consequence on itself. The removal of the surface layer from a soil, such 
as Clarinda, would under present technological conditions represent a nega-
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tive consequence, 
A positive consequence with respect to available phosphorus could re­
sult with the removal of the upper soil layers that test low in available 
phosphorus, and the exposure of underlying layers that test higher in avail­
able phosphorus. The available phosphorus level of Fayette silt loam in­
creases with depth from a low level in the 0 to 6 inch layer to a medium to 
high level in the 12 to 24 inch and 24 to 36 inch layers (17). However, 
negative consequences in the form of lower nitrogen levels and less favor­
able physical characteristics are registered on such soils. 
The source-consequence concept may also be applied in resource pollu­
tion studies. The soil may be a source of pollution and register a conse­
quence on water resources. Nitrogen fertilizers, insecticides, herbicides, 
manure application, etc., are possible sources of pullutants that may lower 
the quality of water resources. Technological innovations such as lagoon 
systems of handling animal manure may also serve as pollutant sources. In­
dustrial wastes in the atmosphere or in water supplies may serve as pollu­
tants that may register consequenj«s on soil resources. Soil resources may 
serve as a source of a positive consequence if they serve as "filters" or 
in other ways prevent or diminish pollution of water resources. Likewise, 
water resources may serve as "pollution dilutents" and serve as a source 
of a positive consequence on other resources. The "pollution" relation­
ships of the•source-consequence concept will not be considered in this 
study, but might well provide a challenging problem for scientific inquiry. 
The source-consequence effects considered in the present study were 
(a) an assumed yield reduction due to the removal of the surface layer.of 
erosive soils, and (b) the gain in production on non-erosive soils result­
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ing from cropping sequences regarded as not suitable for erosion soils. 
The concept was utilized in the soil pattern model of the third stage 
of the analysis. 
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AREAS IN WHICH ANALYSIS WAS CARRIED OUT 
Selection of Sample 
Soil maps were obtained for quarter section samples from Adams, Bre­
mer, Humboldt and Montgomery counties. The samples had been used pre­
viously for the Iowa Soil and Water Conservation Needs Inventory (30). 
The sampling procedure consisted of (a) dividing each township of a county 
into three blodcs or strata, (b) subdividing each block into units of 
approximately I60 acres each, and (c) selecting one quarter section at ran­
dom from each of the three blocks or strata in each township. The san^ling 
rate was approximately two percent. Since each of the study counties con­
sisted of twelve townships, the sample size per county was 36 quarter sec­
tion units. Soil maps were obtained for each of the sample quarter sections. 
Details of the sampling procedure have been reported by Taylor (82), 
The legal descriptions of the quarter sections in the samples for each 
county are given in the appendix in table 34, 
Description of Areas Included in Study 
Adams County in southwest Iowa and Humboldt County in north central 
Iowa were selected as study areas to conceptually analyze the effect of spa­
tial soil characteristics on soil use potential. Brief descriptions of Adams 
and Humboldt counties with respect to location in the state, crop production, 
and major soils are given in this section. The location of the stucfy coun- ' 
ties, with respect to the major soil association areas, is shown in figure 3. 
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Soil patterns in Bremer and Montgomery counties were briefly considered in 
the initial phase of the stucfer. The locations of these counties are also 
shown in figure 3. 
Adams County 
Adams County is located in southwest Iowa in the second tier of coun­
ties north of the southern border of Iowa and in the third tier of counties 
east of the Missouri River. Coming is the county seat and largest town. 
Climate 
The frost free season in Adams county averages 160 to I65 days. The 
average date of the last 32° freeze at Coming is May 2 although there is a 
25 percent chance of the last 32° freeze occurring on or after May 6, The 
average date of the first 32° freeze in the fall at Coming is October 8, 
but it will occur on or before September 20 one year in four (32 , 33 , 58). 
The average annual precipitation for Adams County is about 30 inches. 
The crop season (April-September) mean total precipitation is about 22 
inches. The probability of receiving 24 to 25 inches or more of crop sea­
son precipitation is one-third. Crop season precipitation of 19 to 21 
inches or less can be expected to occur one-third of the time, July rain­
fall of less than 2 inches and August rainfall of less than 2.5 to 2.75 
inches can be expected about one-third of the time. July precipitation of 
/ 
Figure 3« Location of study counties and principal soil association areas of Iowa. 
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Figure 3a. Identification of symbols on soil association area map. 
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3.5 inches or more and August precipitation of 4,7^ inches or more have 
probabilities of occurrence of one-third (59). 
Crop production 
In 1963t there were 1,186 farms in Adams County which averaged 228 
acres in size for a total area in farms of nearly 271,000 acres. The im­
portant crops from the standpoint of acreage occiç)ied were pasture, corn, 
hay, oats and soybeans. The county total and per fam acreages of the var­
ious crops are shown in table 2. 
On a per fam basis, 82,2 acres were devoted to grain production and 
110,6 acres were devoted to forage production (31)» lu recent years, the 
acres devoted to cropland not harvested or pastured has exceeded the acre­
age devoted to either soybeans or oats due to participation in the Feed 
Grain Program, 
Year to year variation in crop acreages may be seen in figure 4. The 
variation seems to be associated with weather conditions and governmental 
programs. For example, 1951 was a year marked by extremely wet conditions 
in the fall. The corn acreage harvested in 1951 decreased sharply from 
1950 and the cropland not harvested or pastured increased. Shifts in com 
acreage since I96O appear to be associated with the Federal Feed Grain Pro­
gram. In 1956, acreage devoted to oats increased while the acreage de­
voted to hay decreased. These shifts apparently were due to the loss of 
meadow seedings due to extreme drouth in 1955. 
The long-tem trends shown in figure 4 indicate a decline in the acre­
ages devoted to pasture and oats and increases in acreages of soybeans and 
Table 2. Land use in Adams and Humboldt counties, I963* V 







total per farm 
acres acres 
Com 60,831 51.3 105,493 87.8 
Soybeans 18,148 15.3 59,926 49.9 
Oats 18,463 15.6 20,389 17.4 
All Hay 30,599 25.8 19,355 16.1 
All Pasture 100,611 84.8 20,860 17.4 
Other Crops 1,205 1.0 1,270 1.1 
Idle Cropland^ 23,259 19.6 22,305 18.6 
Land in lots, woods, roads, etc. 17,832 15.0 19,419 16.2 
Total land in Farms 270,948 228.4 269,017 224.0 
^Source: Iowa Assessor's Annual Farm Census, Iowa Dept. of Agriculture, I963 (31). 









Source: Iowa Assessors Annual Farm Census 1940-1963 
Figure 4, Acres harvested, pastured or idle - Adams County 1940-1963. 
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cropland not harvested or pastured. The acreages devoted to corn and hay 
have been variable during the 1940-1963 period. Considering the period from 
1959 through 1963 as three five-year periods, the average corn acreage per 
year for the first period was 61,548 acres; the second period, 61,050 acres; 
and the third period, 59.197 acres or a slight decline during the 15-year 
period. Hay acreages were 31,095, 30,560 and 32,462 acres for the first, 
second and third periods respectively or a slight increase during the 15-
year period. 
Soils 
Adams County is part of an upland plain that has been dissected by geo­
logic erosion. The topography is characterized by nearly level to gently 
sloping convex divides, moderately sloping to steep side slopes, and narrow 
stream valleys. Loess, exhumed paleosols, glacial till and alluvium served 
as parent materials for the soils of the county. The native vegetation con­
sisted primarily of prairie grasses although some forested and mixed prairie-
forest areas occur. The work of Ruhe (52) has enhanced the present level of 
understanding o'f modern soil landscapes similar to that of Adams County. 
The topography of the modem landscape resulted from dissection by geo­
logic erosion. As shown in table 3, nearly 40 percent of the landscape is 
nearly level to gently sloping (0 to 5 percent slopes), nearly 50 percent is 
moderately to strongly sloping (5 to 14 percent slopes), and nearly 10 per­
cent is strongly sloping to steep (greater than 14 percent slopes). 
The parent materials for the modem soils of Adams County resulted 
from the many complex interacting events of the geologic history of the. area. 
Table 3» Approximate acreage of soils 
Soil 
: 0-2# 
Adair clay loam 
Adair clay loam, thin solum 
Adair soils 




Bremer silty clay loam 
Chariton silt loam 
Clarinda silty clay loam 
Clarinda soils 
Clearfield silty day loam 
Clinton silt loam 
Colo silty clay loam 9,483 
Colo silty clay loam, channeled 1,723 





Gravity silty clay loam 
Gullied land 
Hagener loamy fine sand 
Judson silt loam 






^Source: Dideriksen, R. I. (16). 
slope groups of Adams County^ 
Acres in percent slope group: 
2-5^ 5-9# 9-l4jâ lipit- l'Use. Ibtal 
496 931 1,427 
5,621 16,586 400 22,60? 
98 ()8 
162 1,108 1,270 





5,143 1,241 6,384 
51 157 208 
6,129 6,129 





168 2,942 7,961 11,071 
173 173 
10 ^ 53 
4,391 4,391 
1,979 1,979 
92 85 177 
2,687 68 3,288 
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Table 3. (Continued) 
Soil Acres in percent slope group; 
0-2* 2-5* 5-9* 9-14* 14+* Misc. Total 
Ladoga silt loam 
Ladoga soils 
Macksburg silty ,clay loam 
Nevin silt loam 














Nodaway silt loam, channeled 
Olmitz loam 





















Sperry silt loam 
Wabash silty clay 
Wabash silty clay loam 
Wabash silty clay loam, channeled 





















Total 34,870 83.006 73.806 62,289 25.778 2.891 272,640 
Percent 12.8 26.8 27.1 22.8 9.4 1.1 100 
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Loess soils such as the Sharpsburg, Ladoga and Clinton soils series occupy 
about 40 percent of the modem soil landscape. Exhumed paleosols provided 
parent materials for the Adair and Glarinda soil series that are on about 
18 percent of the modern landscape. Soils such as the Shelby and Gara ser­
ies were formed from previously unweathered glacial till and are on 14 per­
cent of the modern soil landscape. The remainder is occupied primarily by 
soils derived from alluvial sediments which occur in bottomland (Colo, Via-
bash soil series), terrace (Wiota, Nevin and Bremer soil series), and foot-
slope and/or alluvial fan positions (Judson, Olmitz, Gravity soil scries). 
About 90 percent of the soils d.eveloped under the influence oi' natural 
prairie grasses. In addition, some forested and prairie-fore.= \ Irinsition 
soils occur, Shtirpsburg (prairie), Ladoga (prairie-forest) a . l Clinton 
(forest) soil series form a biosequence. 
Adams County occurs in the Shelby-Shaipsburg-Macksburg soil associa­
tion area of Iowa (4?). The relationships of soils of this association area 
to slope, vegetation and parent materials are shown in figure 5. The approx­
imate acreages of the soils of Adams County and the slopes on which they 
occur are presented in table 3» The relationships of the various soil ser­
ies of Adams County to native vegetation, natural drainage and parent mater­
ial or landscape position are shown in figures 6 and 7, The soils of the 
Shelby-Sharpsburg-Macksburg soil association and of Adams County have been 
described-in detail elsewhere (l6, 4?). These sources have been utilized 
in the following brief description. 
The prairie-loess soils occupy over 35 percent of the landscape. 
Sharpsburg-Macksburg-V/interset soils form a toposequence of well to moder­
ately well, somewhat poorly drained and poorly drained soils respectively. 
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Figure 5. Relationship of soils of Shelby-Sharpsburg-Macksburg soil association to slope, parent 
material, and vegetation. Source: Oschwald. et al. (4?). 
Parent material 
Natural drainage 































































Figure 6. Native vegetation, parent material and natural drainage of upland soil series, Adaras County 
Natural drainage 
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^Hagener soils developed from sand deposited by wind in upland positions. 
Figure ?. Landscape position and natural drainage of soil series of bottomlands, terraces, and foot-
slopes, alluvial fans, etc. in Adams County. lov.'a. 
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Sharpsburg soils are on slopes of 0 to 18 percent in Adams County al­
though slopes of 5 to 9 percent and 2 to 5 percent account respectively for 
56,3 percent and 3I percent of the area occupied ty the series. Although 
primarily an upland soil, some areas of Shaipsburg also occur in bench po­
sitions. Sharpsburg soils have veiy dark brown to black, silty day loam 
surface layers 9 to I6 inches thick, unless eroded. The subsoils are mod­
erate to moderately slow in pemeability, brown to yellowish-brown in color, 
and have silty clay loam to silty clay textures. The substratum is leached 
silty clay loam loess. The more level phases of Sharpsburg soils (0 to 2 and 
2 to 5 percent slopes) are on slightly rounded ridgetops and in bands below 
nearly level soils such as Macksburg silty clay loam. Sharpsburg soils on 
5 to 9 percent slopes occur below the more gently sloping Sharpsburg soils 
and above the till derived soils and also on narrow divides up slope from the 
till derived soils. The more sloping phases of Sharpsburg (9 to 18 percent 
slopes) are on sideslopes below less sloping Sharpsburg soils and above the 
till derived soils, Sharpsburg, Ladoga and Clinton soils form a biosequence 
as shown in figures 5 and 6. 
Macksburg soils are imperfectly drained associates of the Sharpsburg 
soils described above. have black silty clay loam surface soils and 
moderately to moderately slowly permeable, gray and brown silty clay loam 
to silty clay subsoils. The Macksburg soils are primarily on slopes of 0 
to 2 percent although some areas are on slopes of 2 to 5 percent. Thqy are 
on nearly level to gently sloping broad divides above the gently sloping 
Sharpsburg soils. 
Winterset soils are on broad nearly level upland flat ridges vhere na­
tural drainage is poor. They have blade silty clay loam surface layers 16 
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to 20 inches thick and dark gray to olive gray moderately to moderately 
slowly permeable silty clay loam to silty clay subsoil. They may occupy 
large portions of individual farms although they occupy less than 0,5 per­
cent of the area in Adams County, 
Clearfield soils are also loess derived. They are somewhat poorly to 
poorly drained soils which occur around the heads of some upland drainage-
ways. Clearfield soils are mapped on slopes of 5 to 9 percent in Adams 
County, Biey have black silty clay loam surface layers and moderately slow­
ly permeable silty clay loam subsoils which are daric grayish-brown to olive 
gray in color. The substratum is a veiy slowly permeable dark gray to gray 
clay paleosol. They are seepy due to their landscape position and" to the 
presence of the veiy slowly peimeable gray paleosol at a depth of 3 to 5 
feet. Water percolates through the permeable loess down to the paleosol. 
Lateral movement of the water creates the seepy conditions in the coves and 
on side hills. 
Prairie influenced soils formed from exhumed paleosols and occur down-
slope from the loess soils described above. The Adair and Clarinda soil 
series are included. They are on slopes of 5 to 14 percent primarily, al­
though some steeper areas are also mapped in Adams County. 
Clarinda soils are poorly to very poorly drained soils whidi occur in 
coves of drainageways which extend into moderately sloping uplands (5 to 9 
percent). Th^ are also on side slopes of 9 to 14 percent where they occur 
as a narrow band at the point of contact between the loess soils above and 
the till soils below. They have developed from the exhumed ïarmouth-Sanga-
mon paleosols. They have black to very dark gray silt loam to silty clay 
loam surface layers 3 to 14 inches thick. " Erosion has frequently removed 
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much of the surface layer. The subsoils are very slowly permeable, dark 
gray to gray in color, silty clay to day in texture and are 3 to 8 feet 
in thickness. The surface layer may have developed from a thin layer of 
loess, gritty sediment or both, 
Adair soils occur on extended ridge tops below the loess covered ridges 
or on shoulders of steep slopes at the loess-till contact. They are down-
slope from the loess derived soils and the Clarinda soils. They have de­
veloped from exhumed late Sangamon paleosols or from thin layers of loess 
and/or gritty sediments over the late Sangamon paleosols. They are on 
slopes of 5 to 18 percent in Adams County with slopes of 9 to 14 percent 
most extensive. The modern Adair soils have been influenced by prairie vege­
tation although the paleosols are originally believed to have developed under 
forest vegetation. Adair soils are somewhat poorly drained and have very 
dark gray silt loam to clay loam surface layers 3 to 12 inches thick. Ero­
sion has frequently removed much of the surface layer. The subsoil is a very 
slowly permeable, reddish-brown to red and gray clay to clay loam. A stone 
line or pebble band is common in the upper B horizon except where removed 
by truncation. 
The Adair series as mapped in Adams County includes Adair clay loams 
and Adair clay loams, thin solum. Adair clay loams, thin solum, are the 
more extensive of the two soils in Adams County. Dideriksen (16) lists three 
kinds of paleosols from which the Adair clay loams, thin solum, formed. The 
first of these is an exposed paleo Gray Brown Podzolic soil which was less 
strongly developed than those from which Adair clay loams' formed. The sec­
ond kind is an exposed paleo Gray Brown Podzolic soil similar to those in 
which Adair clay loam developed but vdiich has been beveled by geologic 
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erosion. The third kind is an exposed Planosol or paleo Humic Gley similar 
to that in which Clarinda soils foraed but truncated or beveled by geologic 
erosion. The Adair clay loam, thin solum soils, differ from the Adair clay 
loam soils in having less clay in the B horizon (39 to percent rather 
than 45 to 50 percent) thinner B horizons (i6 to 22 inches rather than 3^ 
to 4-2 inches), subangular rather than angular blocky structure in the B 
horizon, and shallower depth to carbonates (40 to 48 inches rather than more 
than 48 to 6Q inches). 
The Shelby series is primarily on slopes of 9 to 18 percent. It occurs 
downslope from the Adair and Clarinda soils where unweathered Kansan or 
Nebraskan glacial till has been exposed by erosion, Shelby soils developed 
under the influence of prairie vegetation. They are well to moderately well 
drained soils that have very dark gray to dark brown, loam to day loam sur­
face layers 4 to 8 iches thick unless removed ty erosion. The subsoil is a 
moderately penneable yellowish-brown clay loam. Calcareous glacial till 
occurs at 48 inches or deeper. Gara soils are prairie forest equivalents of 
the Shelby soils. They differ from the Shelby soils in that they have light­
er colored surface layers and more strongly developed subsoils which are 
higher in clay content than those of the Shelby soils. Adair-Shelby complex 
soils are extensive in Adams County, They include areas of Adair, Shelby and 
Clarinda which are too small to map separately, Adair clay loam,. thin solum 
is the predominant soil in the conplex (16), 
The soil series of Adams County which are derived from alluvial sedi­
ments include soils ;6iich occur in footslope and/or alluvial fan, terrace 
and bottomland positions. The soils of the footslopes and alluvial fans in­
clude Arbor, Judson and Olmitz which are moderately well or well to moder­
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ately well drained soils and Gravity soils which are somewhat poorly 
drained. The Colo-Gravity complex occurs extensively in Adams County. 
This complex is dominated by Colo soils of the bottomland areas and Gravity 
soils on footslopes and alluvial fans. 
The Arbor soils fomed from gritty alluvial sediments which washed 
from adjacent upslope soils such as Shelby loam. They occur downslope from 
the Shelby soils but above the Olmitz and Gravity soils. Olmitz soils 
formed from loamy and Gravity soils from moderately fine textured local 
alluvium. Judson soils formed from silty local alluvium which washed from 
loess soils such as Sharpsburg, 
Wiota soils are well drained, Nevin moderately well to imperfectly 
drained, and Bremer poorly drained soils which fonned from silty alluvium 
on stream terraces. Wiota and Nevin are moderately to moderately slowly 
permeable and Bremer is moderately slowly permeable. Although these soils 
are not extensive in total acreage, they may be major soils on farms where 
they occur. 
Colo is the most extensive bottauland soil. They are poorly drained 
soils which have formed from moderately fine textured alluvium. The sub­
soil is moderately to moderately slowly permeable. Colo occurs in stream 
vallqys vdaich are less than one-quarter of a mile wide. Wabash soils are 
the most extensive bottomland soils of the wide bottomlands. They are poor­
ly to very poorly drained soils, Wabash silty clay soils formed in low 
bottomland areas and old bayous. The subsoil is veiy slowly peimeable, 
Wabash silty clay loam soils have about 20 inches of black silty clay loam 
surface over a fine textured very slowly permeable subsoil, 
Nodaway soils are moderately well to soraevAiat poorly drained soils of 
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the bottomlands. They are moderately permeable soils which have developed 
from light colored silty sediments. 
The soils of Adams County have been groig)ed into soil association 
areas based on major soils in various areas of the county. Four soil 
association areas have been recognized for Adams County. These are the 
Macksburg-Winterset association with nearly level to gently sloping soils, 
the Sharpsburg-Adair association with nearly level to moderately sloping 
soils, the Shelby-Shaipsburg association with moderately sloping to steep 
soils and the Colo-Wabash-Nodaway association with nearly level soils. 
These areas are shown in figure 8. 
Humboldt County 
Humboldt County is located in north central Iowa in the third tier of 
counties south of the northern border of Iowa and in the fifth tier of coun­
ties east of the Missouri River, Dakota City is the county seat. The larg­
est city is Humboldt which is adjacent to Dakota City on the west. 
Climate 
The frost-free season of Humboldt County is 145 to I50 days. The last 
32° freeze in the spring occurs between May 5 and May 10 on the average. 
About one year in three, the last 32° freeze occurs after May 15. The first 
32° freeze in the fall occurs between September 30 and October 5 on the aver­
age, One year in three the first 32° freeze will occur by September 25. 







Figure 8, Soil association areas of Adams County, Iowa, 
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The average annual precipitation for Humboldt County is about 29 
inches. The crop season (April-September) mean total precipitation is a-
bout 21 to 22 inches. The probability of receiving 23 to 24 inches or more 
during the crop season is one-third. The probability of receiving 18 to 19 
inches or less during the April-September period is also one-third. July 
precipitation of 4,25 inches or more and August precipitation of 4.2 inches 
or more have probabilities of one-third. July precipitation of 2.25 to 2.5 
inches or less and Augyst precipitation of 2.5 to 2,75 inches or less also 
have a probability of one-third (32, 33, 59). 
Crop production 
Humboldt CounV had 1201 farms with an average size of 224 acres or 
269,017 acres in farms in I963. Corn, soybeans, pasture, oats, and hay vjere 
the principal crops in order of decreasing acreage. Sixty-one percent of 
the total land in farms was devoted to corn and. soybean production. On a 
per fam basis, 155 acres were devoted to com, soybeans and oats, 33*5 
acres to pasture and hay and nearly 19 acres to cropland not harvested or 
pastured. The I963 land use for Humboldt County is presented in table 2. 
Acreage trends and year to year variation in harvested and pastured 
acres for the 1940-1963 period can be seen in figure 9. Com acreage gen­
erally increased from 1940 through 1948 then decreased generally through 
the 1958 crop year. A shai-p increase can be noted for 1959 followed by de­
creases in 1961 and i962, Oat acreage harvested has been decreasing gener­
ally during the period as has the acreage devoted to pasture. Soybeans 
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Source: Iowa Assessors Annual Farm Census 1940-196) 
Figure , 9» Acres harvested, pastured or idle - Humboldt County 1940-1963 
vested for hay has been generally constant since 1950. 1961, 1962 and 
1963, the acres of cropland not harvested or pastured has been slightly 
greater than the acreage devoted to oats, hay and pasture. 
Soils 
Hurn'ooldt County occurs in the Clarion-Nicollet-Webster soil associa­
tion area as shovjn in figure 3. This association occurs in Iowa on the por­
tion of the state that was covered by the Des Moines lobe of the last Wiscon­
sin glaciation. Ruhe and Scholtes (53) have provided evidence that the Des 
Moines lobe in Iowa is Cary substage in age. Glacial till, reworked gla­
cial till, variable outwash materials, sands, alluvium and organic materials 
served as parent materials for the soils of the county. 
The topography of the county is generally nearly level to gently slop­
ing. As shown in table 4, nearly three-fourths of the county area has 
slopes of 0 to 2 percent. Nearly 9^ percent occurs on slopes of 0 to 5 per­
cent. Some more sloping areas occur along the east and west forks of the 
Des Moines River and also along Prairie Creek in the northeast corner of the 
county. The landscape consists primarily of numerous low lying nearly level 
plains that contain numerous saucer-like depressions. Numerous low knobs 
and ridges rise above the level of the low plain. The depression, low knobs 
and ridges form a heterogeneous micro-topography even though the macro-topo-
graphy is relatively homogeneous. 
Most soils of Humboldt County formed under prairie grasses although 
there are some areas of forested soils and others which show the influence 
of both prairie and timber vegetation. Sedges, cattails, rushes and similar 
Table 4. Approximate acreage of soils and slope groups of Humboldt County^ 
Soil Acres in percent slope group: 
0-2% 2-5% 5-9% 9-15% 15f% Mi^ Ototal 
Alluvial land 3.138 3,138 
Ames loam l6 16 
Ankeny sandy loam 41 7 48 
Clarion loam 45,032 5.66? 576 266 61,541 
Clarion loam, thin solum 575 7^0 1,335 
Colo silt loam 642 642 
Colo silt loam, channeled 443 443 
Colo silty clay loam l,6l9 1,619 
Colo silty clay loam, channeled 423 , 423 
Colo-Terril complex 1,383 10 1.393 
Cullo silty clay loam 1,603 1,603 
Copas loam 459 459 
Dickinson fine sandy loam , 76 461 118 32 37 724 
Dickinson sandy loam, bench position 1,080 389 56 1.525 
Dundas silty clay loam 980 980 
Earrar fine sandy loam 314 113 6l 488 
Garmore silt loam 2,237 2,237 
Glencoe silty day loam 7.029 7.029 
Harpster loam 22,086 22,086 
Harpster loam, sand and gravel 
substratum 2,340 2,340 
Harpster silt loam 4,103 4,103 
Hayden loam 284 54 11 26 375 
^Source: Richlen, ^  al (50). 
^1-5^ rather than 2-5^ slopes. 
Table 4. (Continued) 
Soil Acres in percent slope group ; 
0-2% 2-5% 5-9% 9-15% 15f% Mi^ Total 
Hayden soils 319 319 
Huntsville silt loam 810 810 
Huntsyille silt loam, channeled 244 244 
Kato loam, deep over sand and gravel 2,249 389 2,638 
Kato loam, mod. deep over sand & gravel 474 io6 580 
Lakeville gravelly loam 365 114 479 
Lament fine sandy loam i36 108 78 60 382 
Lester loam 4,156 1,154 405 527 6,242 
Lester soils 1,239 1,239 
LeSueur loam 2,551 2,551 
liarshan loam, deep over sand & gravel 7,647 7,647 
Marshan loam, mod. deep over sand 
and gravel 310 310 
Muck, moderately shallow 806 8o6 
Muck, shallow 2,709 2,709 
Mucky peat, deep 77 77 
Mucky peat, moderately shallow 923 923 
Mucky peat, shallow 752 752 
Nicollet loam 59,878 59,878 
Okoboji silt loam 6,941 6,941 
Okoboji silt loam, imperfectly 
drained variant 119 119 
Orio fine sandy loam 124 124 
Plattville loam 470 47o 
Rolfe loam 1,992 1,992 
Sogn loam I56 i56 
Storden loam 253 586 839 
Table 4, (Continued) 
Soil Acres in percent slope group; 
0-2% 2-5$ 5-9% 9-15% 15+% Misc. Total 
Terril loam 80 1,265 59 1,404 
Truman silt loam 743 36l 65 9 9 1,18? 
Wabash silty clay 238 238 
Wabash silty day, channeled 7 7 
Wacousta silt loam 1,445 1,445 
Waukegan loam, deep over sand & gravel 1,622 996 IO7 2,725 
Waukegan loam, mod, deep over sand 
and gravel 1,372 1,224 204 70 2,870 
Webster silty clay loam 52,291 52,291 
Webster silty clay loam, calcareous 
variant 11,353 Hi 353 
Gravel pits and made land 1,106 1,106 
Total 203,363 57,268 8,847 1,609 3.069 4,244 278,400 
Percent 73.0 20,6 3.2 .6 1,1 1,5 100 
76 
plants provided vegetation in the potholes and depressions. Riohlen et al. 
(50) suggested that conifers and deciduous tree species may have been domi­
nant in the flora of Humboldt County during part of the period since the re­
treat of the ice. 
The approximate acreages of Humboldt County, soils and the slope groups 
on which they occur are given in table 4. The relationships of the upland 
soils to slope, native vegetation and parent materials are shown in figure 
10, The relationships of soil series of Humboldt County to landscape posi­
tion, native vegetation, and natural drainage are shown in figure 11, The 
brief soil descriptions which follow are based on more detailed descriptions 
given elsewhere (4?, jO), 
The well drained Clarion, somewhat poorly drained Nicollet and poorly 
drained Webster soils are the most extensive soils of the county. The com­
bined acreage of the three soil series accounts for nearly two-thirds of the 
total area. More than 85 percent of the Clarion soils are on slopes of 2 
to 5 percent. These soils occur primarily as low ridges which rise above 
the low plain. The remaining portion of the Clarion soils occur primarily 
on slopes of 5 to 9 percent although some areas of steeper Clarion soils also 
occur. The surface layer of Clarion soils is veiy dark brown loam 9 to 14 
inches thick unless eroded. "Die subsoil is a dark brown to yellowish-brown 
moderately pemeable loam. The substratum is a yellowish-brown moderately 
permeable loam that is usually calcareous at 2|- feet. In some areas. Clar­
ion loam, thin solum soils occur. The depth to carbonate on these soils is 
12 to 24 inches. In some of the more rolling areas, Storden soils are assoc­
iated with the Clarion soils. These are excessively to well drained soils. 
















Figure 10. Relationship of soils of Clarion-Nicollet-Webster soil association to slops, parent 
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= prairie, F = forest, P/F - prairie-forest. 
Figure 11. Landscape position, native vegetation and nstui-sl drainage of soil series of Humboldt 
County, Iowa. 
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thick over a calcareous substratum. 
In some areas, moderately dark colored Lester soils and light colored 
Hayden soils occur. These well drained soils are the prairie-forest and 
forest associates of the Clarion soils. 
Nicollet soils occur between the Clarion soils and the low lying plains 
and on slightly convex ridges which rise above the low plains. They are on 
slopes of 1 to 3 percent and have veiy dark brown to black loam to clay loam 
surface layers 15 to 18 inches thick. The moderately permeable subsoil is 
a mixed gray and brown loam to light clay loam. The olive gray to yellow-
ish-brown loam substratum is calcareous at 30 to 45 inches, Nicollet soils 
formed from calcareous loam till as did the Clarion soils. 
Gaxmore soils are moderately well drained soils that are derived from 
glacial till. They occur in the southwestern part of Humboldt County. They 
are underlain by limestone at depths of 10 to 20 feet, Garaore soils show 
more profile development than Nicollet soils. 
LeSueur soils are prairie-forest analogs of Nicollet soils. They dif­
fer from Nicollet soils in having a thinner A1 horizon, a weak A2 horizon 
and a B horizon that is higher in clay content. 
Webster soils are on the nearly level low lying plains. They fonned 
from glacial till or waterworiced glacial material over glacial till. The 
black A horizon is 12 to 25 inches thick and ranges from a light c^ay loam 
to silty clay loam. The B horizon is a moderately permeable dark gray to 
olive gray silty clay loam to clay loam. "Die G horizon is mottled grayish-
brown to pale olive and generally consists of stratified material that in­
cludes lenses of silt, coherent sand or sandy loam. Glacial till is nor­
mally found at depths of kO to 60 inches. Although some areas of Webster 
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soils in Humboldt County developed entirely in glacial till, those which 
developed in stratified material are dominant, Webster silty clay loam, 
calcareous variant is calcareous throughout the profile but is similar to 
Webster silty clay loam in most other characteristics. The calcareous var­
iant is less extensive in Humboldt County than the neutral to slightly acid 
Webster soils. 
In a few areas, Dundas and Ames soils occur. They developed under 
prairie-forest and forest vegetation respectively. They have more profile 
development than the Vfebster soils. 
Distinct gray areas are often observed in plowed fields in Humboldt 
and other counties of the Clarion-Nicollet soil association area. These 
are areas of Harp s ter soils that occur as rims around depressions or as 
slight rises in the depressions. Haipster soils are highly calcareous through­
out the profile. The surface layer is a dark gray loam to silt loam which 
frequently contains numerous snail shell fragments. The moderately per­
meable subsoil is a dark grayish-brown loam to clay loam and the substratum 
an olive gray to grayish-brown moderately permeable loam (50). 
Depressional and other veiy poorly drained soils are rather extensive 
in Humboldt County• The combined acreage of these soils is nearly 9 percent 
of the total county area. In order of decreasing acreage, these soils in­
clude Glencoe, Okoboji, Muck, Rolfe, Cullo, Mucky Peat, Wacousta, and Orio 
soils, 
Glencoe soils developed from calcareous glacial outwash, reworked gla­
cial till and outwash materials on local alluvium. They are slowly to veiy 
slowly penaeable. The A horizon is a black silty clay loam to silty clay 18 
to 26 inches thick. The B horizon is a black to daric olive gray silty clay 
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loam to silty clay. The C horizon is a gray loam to silt loam, Glencoe 
soils occur in small saucer-like depressions or potholes, 
Okoboji soils occur in sonewhat larger areas than do the Glencoe soils. 
Like the Glencoe soils, they are frequently surrounded by Harpster soils. 
They have black, mucky silt loam to silty clay loam surface layers 15 to 
25 inches thick. The B horizons are black, light to heavy silty clay loams, 
Okoboji soils are lighter textured than the Glencoe soils. Some areas of 
Okoboji silt loam imperfectly drained variant occur. 
Wacousta soils are moderately permeable soils which have a thinner A 
horizon and a thinner solum than the Okoboji soils. They occur in larger 
depressions rimmed Içr Harpster soils (50), 
Rolfe soils, like the Glencoe soils, occur in small depressions. Un­
like the Glencoe soils, however, they are not rimmed by Harpster soils. 
They have an A horizon that is a black silt loam 4 to 9 inches thick over 
dark gray A2 horizon that is 6 to 14 inches thick. The subsoil is a slowly 
to veiy slowly permeable clay loam to clay. Cullo soil, like the Rolfe 
soils, are not rimmed by Harpster soils. They have thicker A1 horizons 
and less clayey B horizons than the Rolfe soils, 
Orio soils are minor depressional soils that have a fine sandy loam A1 
horizon, a gray sandy loam A2 horizon and a slowly to veiy slowly permeable 
clay loam to clay B horizon (50). 
Muck and Mucky Peat soils are very poorly drained organic materials 
overlying stratified calcareous glacial drift. The thickness of the organ­
ic layer ranges from 10 to 60 inches. 
Some areas of excessively drained soils occur in the uplands. Dickin­
son and Farrar soils are dark colored sandy loams. Dickinson soils also 
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occur in terrace or bench positions. Lamont soils are light colored sandy 
loams and Lakeville soils are gravelly loams to light sandy loams. 
"Die natural drainage network in Humboldt County is not well developed 
and soils occurring in footslopes, upland drains and alluvial fan positions 
are not very extensive. Ankeny soils are somewhat excessively drained dark 
colored soils which are on concave areas at the base of slopes. They 
foiuied from sandy material that washed from adjoining slopes. Terril soils 
are moderately well drained dark colored soils which occur at the base of 
slopes below Clarion and Storden soils. The profile is medium textured 
throughout. In some places, Terril and Colo soils are mapped as a complex, 
Waukegan, Kato and Marshan are respectively well, imperfectly, and 
poorly drained soils that are on outwash terraces. Sand and gravel occurs 
at depths of 24 to 30 inches in the moderately deep phase and at greater 
than 36 inches in the deep phase of these soils, 
Truman soils are well drained silty soils on outwash terraces along 
streams. They are silt loam in texture to depths of greater than 80 inches. 
Copas and Sogn are well drained soils which are underlain ty limestone 
at depths of 18 to 30 inches and 10 to 15 inches respectively, Platteville 
soils are imperfectly drained and are underlain by limestone at depths of 
36 to 60 inches. 
Colo soils are the most.extensive bottomland soils in Humboldt County, 
They are dark colored, poorly drained, moderately slowly permeable soils, 
Wabash soils are poorly drained soils on level to slightly depressed areas 
adjacent to streams. They are minor in extent, Huntsville soils are dark 
colored, imperfectly drained, bottomland soils. They have a silt loam sur­
face layer and a moderately permeable silty clay loam to clay loam subsoil. 
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Humboldt Counly soils have been grouped into five general soil associ­
ation areas as shown in figure 12, These areas reflect predominant topo­
graphic and soil patterns. Each area includes a number of soil types but 
















Figure 12. Soil association areas of Humboldt County, Iowa. 
APPLICATION OF ANALYSIS TO SOIL SURVEY 
DATA IN STUDY AREAS 
Possible Soil Use Decisions 
Soil maps show the distribution of the soils of an area such as a 
field or farm and provide soil users with information that is useful in 
making soil use decisions. A soil use decision involves the selection 
of one soil use alternative from the set of available alternatives in a 
given situation. Soil survey interpretations with respect to soil use al­
ternatives are given in terms of individual soil mapping units. The im­
plication of the goal of using each acre according to its capabilities and 
need is that differential treatment will be applied each time a soil con­
dition requiring differential treatment is encountered. If the soil use al­
ternatives for individual soils of a given field call for frequent changes 
in kind and level of inputs, the soil user may conclude that the soil use 
alternatives identified by soil survey interpretation are not feasible for 
his situation. 
The initial phase of the analysis was designed to study the question, 
"What are the kinds and frequencies of soil use decisions which a soil user 
is likely to encounter within an 80 rod distance in selected soil associa­
tion areas?" The analysis was applied to soil patterns of Adams, Bremer, 
Humboldt, and Montgomery counties. A subsample consisting of one randomly 
selected 80 rod transect was. selected from each of the quarter sections in the 
samples from the four counties. The analysis provided a measure of the 
type and frequency of possible soil use decisions that are likely to be en­
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countered in each county. 
The southwest, southeast, northeast and northwest comers of each quar­
ter section were numbered 1, 2, 3 and 4 respectively. The individual trans­
ects were defined by the angle (0 to 90 degrees) made by the transect and 
the horizontal (north or south) sides of the quarter section. The first 
digit of a randomly selected four digit set specified the quarter section 
comer and the remaining three digits specified the angle. The locations of 
the transects in the various counties are given in table 34 in the appendix. 
One decision per transect was considered as the minimum. The soil 
characteristic of slope gradient was regarded as the origin of the initial 
soil use decision. If only a single slope gradient class was present in 
the transect and no other possible decision were encountered, the transect 
was regarded as having one possible soil use decision and having one kind 
of decision. A soil mapping unit boundary was regarded as a source of a 
possible soil use decision. The transect data are presented in.figures 27» 
28, 29 and 30 in the appendix and are summarized in table 5. 
Adams County 
The soil use decisions in Adams County as indicated by the transect 
data are associated with the soil patterns of loess capped ridges, paleosol 
and glacial till side slopes and narrow alluvial influenced drainageways. 
Six of the transects consisted entirely of nearly level, generally poorly 
drained alluvial influenced soils. Only one of the thirty-six transects con­
sisted exclusively of a single slope group with loess as the parent material. 
Soils formed from paleosols or Kansan glacial till were encountered on about 
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Table 5. Possible soil use decisions from soil map transects 
Possible soil use decision County: 
relative to; Adams Bremer Humboldt Montgomery 
Percent slope groi%) 
Percent of transects 100 100 100 100 
Total occurrences 79 7^ 78 120 
Inadequate natural drainage 
Percent of transects 67 86 75 52 
Total occurrences 3I 58 55 30 
Pa-leosol or Kansan glacial till 
Percent of transects 6l 0 0 22 
Total occurrences 41 0 0 21 
Calcareous surface soil 
Percent of transects 0 0 53 0 
Total occurrences 0 0 0 
Depressional position 
Percent of transects 0 0 33 ^ 
Total occurrences 0 0 22 0 
36" to sand, gravel or bedrock 
Percent of transects 0 33 3 3 
Total occurrences 0 22 1 1 
Drouthy solum „ 
Percent of transects 0 22 o 
Total occurrences 0 19 3 0 
Total possible decisions 151 173 208 173 
Average number per transect 4.2. 4,8 5.8 ^.8 
Average number of different 
types per transect 2.2 2.4 Z.f 
y 
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60 percent of the transects. This encounter provides a rather knotty soil 
use decision with respect to erosion control. The loess derived soils of 
the loess capped ridges are suitable for graded terraces at least as far as 
profile characteristics are concerned. However, the paleosol and till de­
rived soils have been regarded as being rather poorly suited for terracing 
(61), Soil use decisions relating to soil fertility and drainage differ­
ences are also likely to be involved as the paleosol and till derived soils 
are encountered. 
Inadequate drainage situations were encountered on two-thirds of the 
— y 
transects. These consisted of alluvial influenced soils of the narrow 
stream valleys that may occupy all of the transect. However, inadequately 
drained soils also occur in the upland drains and at the heads of upland 
drains where they may be associated with soils that are adequately drained 
but subject to erosion. 
The average number of decisions per transect was 4.2 or a possible de­
cision about every 19 rods. 
Bremer County 
On the basis of the transect data, soil use decisions in Bremer County 
are more frequently associated with inadequate natural drainage than with 
slope class variation. Inadequate natural drainage conditions were encoun­
tered in 85 percent of the transects, although decisions to provide addi­
tional drainage have already been made in many instances. Nearly forty-five 
percent of the transects consisted entirely of 0 to 2 percent slopes. Slopes 
steeper than 5 percent were encountered on only about 11 percent of the trans­
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ects. Nearly 89 percent of the transects consisted entirely of slopes of 
0 to 5 percent. 
Decisions to control erosion on the 2 to 5 percent slopes which occur 
in 50 percent of the transects are conçlicated by the possibility of in­
creasing the drainage problem which in turn interferes with timeliness of 
operations and lowers crop yields. 
The decision to provide more adequate drainage is sometimes complica­
ted by the occurrence of soils that are shallow to sand and gravel such as 
the moderately deep phases of the Waukegan and Kato soil series, Overdrain-
age of these soils may partially offset the gains on associated soils. 
There were 4-.8 possible decisions encountered per transect or one de­
cision about every 17 rods. 
Humboldt County 
The transect data for Humboldt County indicate a high frequency of 
soil use decisions as far as percent slope group, inadequate natural drain­
age, calcareous surface soil and depressional position are concerned. 
If depressional areas are considered as a slope group differing from 
0 to 2 percent slopes, possible soil use decisions with respect to slope 
group variation were encountered in more tiian eighty-five percent of the 
transects. The variation consisted primarily of intimately associated 0 to 
2 percent, 2 to 5 percent and depressional areas although some areas with 
slopes greater than 5 percent were encountered. 
Soil use decisions related to inadequate natural drainage were encoun­
tered in 75 percent of the transects. !Rie decision to provide for more 
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adequate drainage will frequently be ooraplicated the occurrence of gently 
sloping soils such as Clarion, etc., in intimate association with soils 
needing additional natural drainage such as some Webster soils. 
Soil use decisions with respect to depressional areas are associated 
with timeliness of operations not only of the depressional soils, but of 
associated non-depressional soils as well. The decision to attempt im­
provement of depressional soil conditions may be more dependent upon the 
probability of enhancing efficient operation on associated soils than in 
improving drainage of the depressional soil per se. 
Calcareous soil areas were encountered in more than fifty percent of 
the transects. The presence of calcareous soils complicates fertilization 
problems especially phosphorus fertilization. The number of encounters 
with calcareous soils in transects where they occurred varied from 1 to 6 
with an average of 2.6, 
The Humboldt County transect data show 5.8 possible soil use decisions 
per transect or a possible soil use decision each 13.8 rods. 
Montgomery County 
The soil landscape in Montgomeiy County, like that in Adams County, is 
characterized by loess covered ridges with paleosol or till derived soils 
outcropping on side slopes. However, the loess is thicker in much of Mont­
gomery County, As a result, soil use decisions relating to the paleosol and 
till derived soils are encountered less frequently than in Adams County al­
though paleosols and/or glacial till derived soils were encountered on 
about 22 percent of the Montgomery County transects. Recognition of the 
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loess-paleosol-till contact is especially important in soil use decisions 
relating to bench terrace systems. Exhuming of still buried paleosols on 
glacial till soils through earth moving activities would increase the fre­
quency of encounters with soil material that is not particularly suitable 
for plant growth. 
The most frequently encountered possible soil use decision was with 
respect to slope group variation which occurred at a frequency of 3.3 per 
transect. Encounters with soils having inadequate natural drainage 
occurred itn over 50 percent of the transects. These areas were generally 
in upland draw and footslope positions. In the Montgcmeiy County transect' 
sample, 4.8 possible soil use decisions were encountered per transect or 
one eveiy 17 rods. 
Evaluation of the transect method 
In this stage of the study, the kind and frequency of possible soil 
use decisions that one is likely to encounter in the study counties were 
analysed. The frequency of possible soil use decisions and variation in 
kind of decisions indicate the complexity of selecting input combinations 
that are required for differential treatment of each area developed on a 
soil map. 
The transect method was utilized as a rapid means for analysing possi­
ble soil use decisions associated with different soil patterns. The meth­
od appears to have sufficient value to warrant further consideration in 
soil resource studies. The proportion of an area being utilized in var­
ious ways or occupied by various kinds of soils may be estimated by transect 
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samples. Better communication between users and suppliers of soil infor­
mation might be possible if both could talk the same language in terms of 
soil use decisions. 
The transect method can be strengthened through the use of field sur­
veys to determine the extent that soil use decisions, more or less pemanent 
in nature, have alreac^ been made. An exançle would be determination of the 
extent that inadequate natural drainage has been improved in counties such 
as Bremer and Humboldt. The willingness of faimers to adjust crop production 
operations to soil variations also needs to be evaluated in the field. 
The Nature of Size and Shape of Soil Mapping Unit 
In the second stage of the analysis, the quarter section samples of 
Adams and Humboldt counties were utilized to characterize size and shape of 
soil mapping units. Contiguous areas of individual soil mapping units were 
used to characterize these spatial soil characteristics. A soil mapping 
unit area is defined as an area of a.soil mapping unit delineated on a soil 
map by contact with unlike soil mapping units or contact with natural or cul­
tural obstacles to cultivation. The natural and cultural obstacles in­
cluded non-crossabOLe drainageways, roads, railroads, gravel pits, lime quar­
ries, cemeteries, and the like. Interior fences, lanes and farmsteads were 
not regarded as obstacles but the boundaries of the quarter sections were. 
Individual soil mapping unit areas were identified numerically in or­
der of measurement. The size of each soil mapping unit area was determined 
to the nearest half acre with an electric grid area calculator. Figure I3 








1 .  2 . .  
Scale 
,26; Measurement numbers 
: .8" = 1 mile 
— ; Crossable drainageway 
— : Noncrossable drainageway 
ZZ : Roads 
AcD2 : Adair clay loam, thin solum, 9 to l'+,i slopes, mod. eroded 
AnD3 ; Adair soils, thin solums. 9 to slopes, severely eroded 
CcD2 ; Clarinda silty clay loam, 9 to 1^ slopes, mod. eroded 
CxB ; C-olo-Gravity complex, 2 to 5/® slopes 
SaB2 : Sharpsburg silty clay loam, 2 to slopes, mod. eroded 
SaC2 ; Sharpsburg silty clay loam, 5 to 9^ slopes, mod. eroded 
SaD2 : Sharpsburg silty clay loam, 9 to 1^$ slopes, mod. eroded 
ShD2 : Shelby loam, 9 to slopes, moderately eroded 
ShE2 : Shelby loam, 14 to IQjh slopes, moderately eroded 
Figure 13. Soil map of NW&, Sec. 16, T73N, R35W, Adams County, Iowa. 
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Table 6. Soil mapping unit area acreages for Sec. 16, T73N, R35W, 
Adams County, Iowa 
No, Soil mapping unit 
Symbol Name 
1. CxB Colo-Gravity complex, 2 to slopes 2.0 
2. AcD2 Adair clay loam, thin solum, 9 to 14^ slopes, mod. eroded 1,5 
3. CcD2 Clarinda silty clay loam, 9 to 14^ slopes, mod, eroded 6.5 
4. SaC2 Sharpsburg silty clay loam, 5 to 9^ slopes, mod. eroded 16,0 
5. SaD2 Sharpsburg silty clay loam, 9 to 14^ slopes, mod. eroded 2.5 
6. 3hD2 Shelby loam, 9 to 14jo slopes, mod. eroded 10.5 
7. CxB Colo-Gravity complex, 2 to 5^ slopes 6,5 
8. CxB Colo-Gravity complex, 2 to 5^ slopes 12,0 
9. ShE2 Shelby loam, 14 to 18^ slopes, mod. eroded 5.0 
10. SaC2 Sharpsburg silty clay loam, 5 to slopes, mod. eroded 9.5 
11. AcD2 Adair clay loam, thin solum, 9 to 14^ slopes, mod. eroded 
12. AraD3 Adair soils, thin solums, 9 to 14j^ slopes, severely eroded 5.0 
13. CxB Colo-Gravity complex, 2 to 55^ slopes .5 
14. ShE2 Shelby loam, 14 to I85È slopes, mod. eroded — 
15. SaD2 Sharpsburg silty day loam, 9 to 14^ slopes, mod. eroded 1.0 
16. AcD2 Adair clay loam, thin solum, 9 to 14^ slopes, mod. eroded 9.5 
17. CxB Colo-Gravity complex, 2 to 5!^ slopes 3.0 
18. SaD2 Sharpsburg silty day loam, 9 to 14^ slopes, mod, eroded 1,5 
19. SaC2 Sharpsburg silty clay loam, 5 to 9^ slopes, mod. eroded 18.5 
20. SaB2 Sharpsburg silty clay loam, 2 to 5^ slopes, mod. eroded 10,5 
21. SaC2 Sharpsburg silty clay loam, 5 to 90 slopes, mod. eroded .5 
22. SaC2 Sharpsburg silty clay loam, 5 to 9/& slopes, mod, eroded 8,0 
23. SaD2 Sharpsburg silty clay loam, 9 to 14^ slopes, mod. eroded 11,5 
24. AcD2 Adair clay loam thin solum, 9 to 14^ slopes, mod. eroded 6,0 
25. ShE2 Shelby loam, 14 to 18^ slopes, mod, eroded 5.0 




section. Areas smaller than 0,3 acres were disregarded. The soil symbols 
are those that were used in the Adams (16) and Humboldt (50) county soil 
survey reports. Complete listings of the soil symbols used in these soil 
survey reports and their identification are presented in tables 36 and 37 
in the appendix. 
Size frequency distributions were determined for five major soil map­
ping units and for the composite of all mapping units for each county. 
Chi-square analysis "was utilized to determine if significant differences 
existed among the size distributions of the soils of each of the two coun­
ties. 
The areal extent of a soil mapping unit area was defined by contact 
with other mapping units, cultural or natural obstacles, and the boundaries 
of the quarter section. The individual measurements of soil mapping unit 
areas in Adams and Humboldt county were placed into groups according to 
size. The percent of the total number of areas in each size group are pre­
sented in figures 14 and I5. 
In the Adams County sample, the areas ranged in size from ,5 acre to 
72 acres. Nearly 43 percent of the areas were less than three acres in 
size. Slightly more than 75 percent of the areas were five acres or less 
in size. Almost I6 percent of the areas were larger than ten acres in size. 
In the Humboldt County sample, areas less than three acres in size accoun­
ted for more than 55 percent of the total sançle acres. Nearly 89 percent 
of the areas were ten acres or smaller in size. These data indicate that 
the individual soil mapping unit areas in the two counties consist largely 
of small areas. 
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Figure 15. Size distribution of soil mapping units in Humboldt County sample 
98 
a sample total than several small areas, the cumulative frequency distribu­
tions are of interest. Figures l6 and 1? present the cumulative distribu­
tion of soil mapping unit areas of increasing size. In each of the two 
study counties, soil mapping unit areas ten acres or smaller in size ac­
counted for nearly fifty percent of the sample area. In Adams County, areas 
in the 20-aere or smaller and 40-aere or smaller size groups accounted for 
approximately 75 percent and 90 percent of the sample area respectively. 
In Humboldt County, areas up to and including 20 acres accounted for about 
two-thirds of the sample area, while areas up to and including 40 acres in 
size accounted for approximately 85 percent of the sample area. These data 
provide evidence that the small areas in Adams and Humboldt counties are 
encountered with a much greater frequency and when aggregated account for 
a larger proportion of the total area than do the large areas. 
In considering the size of soil mapping unit areas as soil character­
istics, it is of interest to determine if different soil mapping units dif­
fer significantly in the size distribution of areas of varying size. Table 
7 presents the size distribution of major soil mapping units in each of the 
two counties. Chi-square values of 75.2 and 82.3 with 25 degrees of freedom 
indicate that the soil mapping unit size distributions for soil mapping units 
within a county differ significantly from one another. 
In Adams County, the Adair clay loam, thin solum, 9 to 14 percent 
slopes moderately eroded areas and the Colo-Gravity ccaiplex, 2 to 5 percent 
sloping areas occurred in areas less than three acres in size more frequent­
ly than did other Adams County soil msqpping units included in table 7. The 
Adair clay loam, thin solum soil areas are frequently divided by non-cross-
able drains or gullies. Colo-Gravity complex areas occur as narrow areas 
Acres In soil mapping unit area 
Figure 16. Cumulative frequency distribution of soil mapping unit areas 
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Figure I7, Cumulative frequency distribution of soil mapping unit areas 
of varying sizes - Humboldt County 
"Cable 7. Size distribution of soil mapping unit areas 
Soil mapping unit No. of areas with size in acres of; 
Symbol name ' 3.0 5.5 8.0 10,0 
to to to to 
3.0 9.0 7.5 10.0 12.5 12.5 Tbtal 
Adams County 
AcD2 Adair clay loam, thin solum, 9-1^/^ slopes. 
mod, eroded 27 10 11 4 2 5 59 
CxB Colo-Gravity complex, 2-5^ slopes 81 30 21 11 7 9 159 
SaB Sharpsburg silty clay loam, 2-5^ slopes 11 8 3 0 0 14 36 
SaC2 Sharpsburg silty clay loam, 5-9^ slopes, 
mod. eroded 27 14 7 2 3 21 74 
ShD2 Shelby loam, 9-14^ slopes, mod. eroded 14 8 7 2 4 4 39 
All other mapping units in Adams County sample 252 152 79 32 28 53 596 
Total in sample 412 222 128 51 44 106 963 
Humboldt County 
CaB Clarion loam, 2-5/^ slopes 111 30 18 9 4 13 185 
Gc Glencoe silty clay loam 99 16 2 0 1 0 118 
Ha Haipster loam 45 16 10 7 2 15 95 
Nc Nicollet loam 89 25 12 23 6 22 177 
Wy Webster silty clay loam 52 20 17 9 4 22 124 
All other mapping units in Humboldt County sample 218 88 43 23 11 24 407 
Total in sample 6l4 195 102 71 28 96 1106 
Chi-Square: Adams County 75.24, 25 d.f.**; Humboldt County 82.32, 25 d.f.** 
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that are frequently divided by streams or gullies. The 2 to 5 percent and 
5 to 9 percent moderately eroded Sharpsburg soils occur on ridge tops with 
nearly 40 percent and 30 percent, respectively, occurring in areas larger 
than 12.5 acres in size. 
In the Humboldt County sample, more than 97 percent of the Glencoe sil-
ty clay loam areas occurred in areas 5 acres or less in size. More than 
three-fourths of the areas of Clarion loam, 2 to 5 percent slopes, occurred 
in areas 5 acres or smaller, Nicollet, Haipster and Webster soils had a 
higher percentage of areas with larger sizes. However, 84 percent, 88 per­
cent and 82 percent of the areas of these soils, respectively, were 12,5 
acres in size or smaller. 
Shape of soil mapping unit areas 
Areas of soil mapping units occur in a variety of shapes that may be 
characterized in a number of different ways. For the purposes of -Uais anal­
ysis, the shape of the areas was considered with respect to possible influ­
ence on soil use decisions. It was assumed desirable to have sufficient 
regularity of shape such that point rows, etc., were minimized. The "ideal" 
shape for crop production operations was assumed to be an area with 90° 
angles at each of four comers, i.e., square or rectangular in shape. Irreg­
ularity in shape of soil area is illustrated in figures 18 and 19. 
An index of regularity was devised to provide a quantitative measure 
of the shape of the soil mapping unit aréas of selected major soils of Adams 
and Humboldt counties. The index consisted of the ratio of the area meas­
















Crossable drainageways /vVlA^: gullies 
— : Noncrossable drainageways Scale : 8" = 1 mile 
Adair clay loam, thin solum, 9 to 14^ slopes, mod, eroded 
Adair-Shelby complex, 9 to 14'^ slopes, moderately eroded. 
Clarinda silty clay loam, 5 to 9^ slopes 
Colo-Gravity complex, 2 to 5^ slopes 
Macksburg silty clay loam, 0 to 2^ slopes 
Sharpsburg silty clay loam, 2 to 5^ slopes 
Sharpsburg silty clay loam, 5 to 9^ slopes, mod, eroded 
Shelby loam, 9 to 14# slopes, moderately eroded 
Shelby loam, 14 to 18# slopes, moderately eroded 












1,2,5,... ; Measurement numbers 
^ ^  ^ ; Drainage ditch 
' : Road 
CaB Clarion loam, 2 to slopes 
Cu CulLo silty clay loam 
Gc Glencoe silty clay loam 
Ha Harpster loam 
Nc Nicollet loam 
Ok Okoboji silt loam 
Ro Rolfe loam 
Wy Webster silty clay loam 
Figure 19. Soil map for SWi, Sec, T92N, R29W, Humboldt County, Iowa. 
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tangle. Two acetate squares similar to a carpenter's square were prepared 
with 0.1 inch gradations. These squares provided a rapid and reasonably 
accurate method for cimcusnscribing a rectangle around the soil area in ques­
tion. The method of measurement is illustrated in figure 20. 
In the Adams County sample, the mean shape index values for Colo-Grav­
ity complex (GxB) and Sharpsburg silty clay loam, 2 to 5 percent slopes 
(SaB) were .44 and .4? respectively. These soils tended to occur in areas 
more irregular in shape than the other soil units in Adams County for which 
mean shape index values were de te mined. Colo-Gravity complex soils occur 
in long narrow areas along winding drainage way s as shown by areas 5» 18, 19. 
20 and 21 in figure 18. The Sharpsburg silty clay loam soils on 2 to 5 per­
cent slopes are most frequently on relatively narrow ridge tops. Area 6 in 
figure 18 is an example. 
Figure 19 may be used to illustrate variation in shape of soil mapping 
unit areas in Humboldt County. In this figure, areas 12 and 15 are areas of 
Glencoe silty clay loam with shape index values of .63 and .71 respectively. 
Area 5 is an area of Clarion loam, 2 to 5 percent slope with a shape index 
value of .67. Area 19 is an area of Harpster loam with a shape index value 
of .23. Webster silty clay loam frequently occurs in irregularly shaped 
areas such as area 1 with a shape index value of .26. 
The mean shape index values of the soils studied in the two counties 
ranged from .44 to .62 as shown in table 8. Applying differential treat­
ments to areas of a soil mapping unit with shape index values of approxi­
mately ,5 would be difficult. , If one decided to apply the treatment to the 
area enclosed by a circumscribed rectangle, the included soils might require 







Scale: 8" 1 mile 
3,0" X 2.8" = 8.4 sq. in. = 84 acres 
Shape index = measured area of soil area 11 _ 33 acres _ ^4^ 
area of rectangle ABCD 84 acres 
Figure 20. Determination of shape index value for soil mapping unit area 
11 in SW-J-, Sec, 3. T92N, R29W, Humboldt County, Iowa. 
Table 8. Shape index values for major soil mapping units of Adams and Humboldt Counties 
Symbol Soil mapping unit Mean shape 
: index^ 
Adams County: 
AcD2 Adair clay loam, thin solum, 9 to 14^ slopes, moderately eroded ,5^ 
CxB Colo-Gravity complex, 2 to 5^ slopes .44 
SaB Shaipsburg silty clay loam, 2 to 55^ slopes .4? 
SaC2 Sharpsburg silty clay loam, 5 to 9^ slopes, moderately eroded .52 




CaB Clarion loam, 2 to 5!^ slopes .62 
Gc Glencoe silty clay loam .56 
Ha Haipster loam .47 
Nc Nicollet loam .53 
Wy Webster silty clay loam .50 
^Mean shape index = within soil area 
acres in circumscribed rectangle 
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Significant differences were found to occur among the soil mapping 
units of Adams and Humboldt counties. This is shown in the analysis of 
variance presented in table 9. 
Any correlation between shape index and size for mapping unit areas 
would be of interest with respect to soil use decisions. In order to de­
termine the possibility of such a correlation, shape index values and size 
of area comparisons were made for Sharpsburg silty day loam, 5 to 9 per­
cent slopes. The comparisons were limited to areas ten acres or larger in 
size. The scatter diagram of figure 21 presents the results of tliese com­
parisons. The plot of the points did not appear to justify further analy­
sis of the relationship at least with respect to the sample available. 
The analysis of size and shape of soil mapping unit areas in Adams 
and Humboldt counties indicate that a high porportion of individual soil 
mapping unit areas are likely to be too small, too irregular or too small 
and too irregular to permit practical differential treatment with large 
capacity farm equipment. The data indicate that a soil user is likely to 
reach decisions regarding soil use alternatives on the basis of the soil 
pattern of an area such as a field. 
Cropping Sequence Suitability of Fields of Various Sizes 
The quarter sections in the Adams and Humboldt county samples usually 
included a number of small soil mapping unit areas. The average number of 
areas per quarter section was 26.6 in Adams County and 30.7 in Humboldt 
County. The mean acreage per area was 5.9 acres in Adams County and 5.3 
acres in Humboldt County. Crop production Qrstems employing modem techniques 
Table 9. Analysis of variance of shape index values 
Source Sum of Degrees of Mean F 
squares freedom square ratio 
Adams County ; 
Among soils .8072 4 .2018 5.4247** 
Within soils 13.4714 362 .0372 
Total 14.2786 366 
Humboldt County: 
Among soils 1.9101 4 .4775 14.339** 
Within soils 23.1086 694 .0330 
Total 25.0187 698 
••Significant at 1$S level. 
O Clarion loam. 2-5^ slopes 
.9 
.8 
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Figure 21. Scatter diagram of shape index values vs. size of soil mapping unit area. 
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require fields larger than the size of the mean individual soil mapping 
unit areas cited above and necessitate the synthesis of fields that include 
two or more soil mapping unit areas. 
In the third stage of the study, cropping sequence suitabilities were 
determined for 20 , 40 , 80 and l60 acre fields^ in Adams and Humboldt coun­
ties, Field size selection was based on the following assumptions: 
(a) The crop production systems employed would include the use of 
large capacity machines such as 4 to 8 row corn planting and cul­
tivating équipaient, 
(b) Regularly shaped fields 20 acres or more in size would be required 
for the efficient operation of the large capacity equipment. 
The quarter section samples for Adams and Humboldt counties were util­
ized in this stage of the analysis. The JS quarter sections in each of the 
samples served as 160 acre fields. Subsançjles of 20, 40 and 80 acre fields 
were selected at random from each quarter section in the samples of Adams 
and Humboldt counties. One of four possible 80 acre fields (40 rods wide 
X 80 rods long), one of four possible 40 acre fields (40 rods x 40 rods), 
and two of sixteen possible 20 acre fields (20 rods x 40 rods long) were 
drawn from each quarter section. In each county, 36 fields were considered 
for the 40 , 80 and l60 acre field sizes and 72 fields for the 20 acre field 
size. Runge and Riecken (5^) employed a similar s angling procedure in an 
earlier study. 
Each field was inspected for the presence of natural or cultural ob­
stacles to cultivation. Creeks, rivers, lakes and areas on slopes greater 
^A field is defined for this stage of the analysis as a quarter section 
or as a regularly shaped segment of a quarter section. 
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than 9 to 14 percent were regarded as natural obstacles to cultivation. 
Roads, railroads, cemeteries, drainage ditches, gravel pits, and lime quar­
ries were regarded as cultural obstacles. If an obstacle divided a field 
so that the largest subarea continued less than 90 percent of the field 
area, the field was regarded as unsuitable for use as a unit of the given 
size and was not further considered. 
The cropping sequence suitability of each field was determined for the 
following cropping sequences: continuous com (CCCC); com, corn, com, 
oats with legume green manure crop (0000%); com, corn, corn, oats, meadow 
(CCCOM); corn, com, oats, meadow (CCX)M); ana com, oats, meadow, meadow 
(COM). The. above cropping sequences were selected in order to provide a 
range in corn intensity. Cropping sequence suitability was based on the 
feasibility of application of the erosion control practices required to 
maintain soil losses within soil loss tolerances. Soil loss estimates were 
calculated for various soil-slope-cropping sequence-erosion control practice 
situations. The slide rule described by Springer, et al. (75) end soil loss 
data provided by Ballantyne and Schaller (5) were utilized in the calcula-
tions. The soil loss estimates provided a basis for the development of 
slope-cropping sequence-erosion control practice limitations that are pre­
sented in table 10. 
On the basis of the slope-cropping sequence-erosion control practice 
limitations, CCCC with terraces and contouring,. CCCO% with contouring and 
CCCOM with up and down slope cultivation would hold soil losses at or less 
than 4 tons per acre per year on slopes 200 feet in length with gradients 
equal to or less than 2 to 5 percent. CCCOM with terraces and contouring 
or CCOM with contouring would be cropping alternatives that would hold soil 
113 









































<200 '  


















> 250 ' 









< 15# with 
>9-14# 
slopes 
^C = com, 0 = oats, x = green manure, M = meadow 
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losses at or less than 4 tons per acre per year on 200 foot slopes with gra­
dients of 5 to 9 percent. Terraces were not considered as feasible prac­
tices on slopes greater than 5 to 9 percent. Soils in Adams County that 
formed from glacial till (Shelby loam) or frcra paleosols (Adair clay loam, 
Clarinda silty clay loam) were regarded as unsuitable for terraces due to 
subsoil characteristics (6l). 
In applying the slope-cropping sequence-erosion control practice limi­
tation of table 9 in the detemination of field suitability, less suitable 
soil allowances were assumed. For example, an area could be considered suit­
able for continuous corn if less than 10 percent of the field was on slopes 
with gradients greater than 2 to 5 percent. CCCOM was regarded as a possi­
ble cropping sequence if less than 10 percent of the field was on slopes 
greater than 5 to 9 percent. These and other less suitable soil allowances 
are presented in table 9. Erosion control needs were disregarded for soil 
mapping unit areas less than 2j acres in size that were surrounded by less 
sloping soil areas. However, these small areas were included as part of 
the less suitable soil allowance. 
The determinations of the suitability of a field for a cropping sequence 
was based on the assumption that the field would be treated as a unit in 
relation to the cropping sequence. It was also assumed that a field suit­
able for a given cropping sequence would also be suitable for all other 
less intensive cropping sequences included in the study. Suitability of 
fields for the various cropping sequences was determined for each of three 
soil use models. The models included the following; (a) vertical technol­
ogy model, (b) erosion control model, and (c) soil pattern model. 
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Vertical technology model 
The vertical technology model was based on the assumption that erosion 
control practices necessary to maintain soil losses within soil loss toler­
ances for an applicable cropping sequence could be applied. The applicable 
cropping sequences were determined on the basis of (a) percent slope-crop­
ping sequence-practice limitations, and (b) less suitable soil allowances 
as presented in table 10. Slope lengths were not taken into account. The 
model considered only vertical technology considerations and did not take 
the influence of spatial soil characteristics into account. 
A soil map for one of the l60 acre fields in the Humboldt County sam­
ple is presented in figure 22. Individual areas are identified by symbol and 
number. The acreages of the individual soil areas are given in table 11, 
This soil map is used to illustrate the technique of applying the soil use mod­
els. 
Soil mapping unit areas shown on the map of figure 22 that are on 
slopes greater than 2 to 5 percent slopes include (a) CaC2 (Clarion loam, 
5 to 9 percent slopes, moderately eroded areas 11 (2.0 acres), 12 (1.0 acre), 
and 18 (1.5 acres); (b) CaD2 (Clarion loam, 9 to 13 percent slopes, moder­
ately eroded) area 23 (2.0 acres). The aggregate acreage of these acres is 
6.5 acres lAiich is less than 10 percent of the total acreage of this field. 
The field is regarded as suitable ibr continuous com and all other less 
intensive cropping sequences as more than 90 percent of the total acreage 
is on slopes of 2 to 5 percent or less. If the less suitable soil allow­
ance had been exceeded, the field would have been considered as unsuitable 
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,Figure 22. Soil map for SE|, Sec, 26, T93N. R30W, Humboldt County, Iowa, 
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Table 11. Soil mapping unit area acreages for SE^, Sec. 26, T93N, R3OW, 
Humboldt County, Iowa 
No. Soil mapping unit Acres 
Symbol Name 
1. Nc Nicollet loam 34.5 
2. w Webster silty clay loam 6.0 
3. CaB Clarion loam, 2 to slopes 2.0 
4. CaB Clarion loam, 2 to 5^ slopes 7.0 
5. w Webster silty clay loam 8.5 
6. Nc Nicollet loam 3.0 
7. Nc Nicollet loam 1.0 
8. CaB Clarion loam, 2 to 5^ slopes 26.0 
9. Wy Webster silty clay loam 5.0 
10. CaB Clarion loam, thin solum, 2 to 5/^ slopes 1.0 
11. CaC2 Clarion loam, 5 to 9^ slopes, moderately eroded 2.0 
12. CaC2 Clarion loam, 5 to 9^ slopes, moderately eroded 1.0 
13. Ha Harpster loam 11.5 
14. Ok Okoboji silt loam 1.5 
15. CaB Clarion loam, 2 to slopes 2.0 
16. CaB Clarion loam, 2 to 50 slopes 2.0 
17. CaB Clarion loam, 2 to 5^ slopes 4.5 
18. CaC2 Clarion loam, 5 to 9^ slopes, moderately eroded 1.5 
19. w Webster silty clay loam 22.5 
20. Ha Harpster loam 6.5 
21. VÎ7 Webster silty clay loam 1.0 
22. Nc Nicollet loam 
.5 
23. CaD2 Clarion loam, 9 to 14^ slopes, moderately eroded 2.0 
24. CaB Clarion loam, 2 to 5?^ slopes 5.0 
Total 157.5 
sequences. 
Feasibility of application of erosion oontrol practices was assumed in 
the vertical technology model. The influence of size and shape of soil map­
ping unit areas on feasibility of application was not considered. 
The results of the application of the vertical technology model are 
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presented in tables 1? and 18, The suitability of fields for each of the 
cropping sequences is expressed as a percentage of the number of fields in 
the sample, i.e. seventy two 20 acre fields or thirty six 40, 80 or l60 acre 
fields. For example, with the vertical technology model in Adams County, 
6.9 percent or 5 of 72 twenty acre fields and 13.9 percent or 5 of 36 forty 
acre fields were suitable for continuous corn (CCCC). 
I 
Erosion control model 
The less suitable soil allowances and the percent slope limitations 
that vere Imposed for the vertical technology model also held for the ero­
sion control model. In addition, the slope length criteria of table 10, 
were utilized to determine which of the erosion control practices, i.e., 
none, contour, or terrace and contour were required for a given cropping se­
quence, The cropping sequence suitability of the soil areas subject to 
soil removal ty erosion was based on the shape of the area in question and 
its orientation with respect to other erosive soil areas and the long dimen­
sion of the field. If a particular soil area was not suitable for a given 
cropping sequence-erosion control combination, the acreage of the soil area 
in question was added to the less suitable soil acreage. If the inclusion 
increased the less suitable soil acreage above,the allowance, a less inten­
sive cropping sequence was considered for the entire field. The soil map 
"of figure 22 is used to illustrate the application of the erosion control 
model to a I60 acre field. 
in figure 22, area 18, an area of Clarion loam, 2 to 5 percent slope, 
has slope lengths that are greater than I50 feet and would require terracing 
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for maintenance of soil losses within soil loss tolerances. The shape of 
the area does not lend itself to terraces. Contouring of area 8 would re­
quire part of the rows to be oriented in a generally north-south direction 
and part in a generally east-west direction and would not be feasible. The 
acreages of areas 8, 11, 12, 18 and 23 total 32.5 acres and exceed the less 
suitable allowance for CCCC (15.8 acres) and for CCCO% (23.7 acres), A 
CCOOM sequence would be the most intensive suitable sequence for area 8, 
Soil areas 3 and l6 in figure 22 are examples of small areas of Clar­
ion loam, 2 to 5 percent slopes that would not lend themselves to the appli­
cation of erosion control practices such as contouring due to their "invert­
ed bowl" shape and would be added to the less suitable soil acreage. Soil 
areas 14, 1? and 24 (figure 22) are oriented with respect to one another in 
such a way that contouring would not be practical with 4-row or larger 
equipment. Areas such as these would be included in the less suitable soil 
acreage. 
The erosive soil acreage shown in figure 22 including areas 3, 4, 8, 
10, 11, 12, 15, 16, 17, 18, 23 and 24 is 5^ acres. The cropping sequence 
suitability of the 160 acre field shown in figure 22 is determined by these 
56 acres in the erosion control model. The acreage of "non-erosive" soils 
(soils on slopes less than 2 to 5 percent slopes) was not considered in de­
termining cropping sequence suitability with the erosion control model. 
The results of applying the erosion control model to the samples of 
Adams and Humboldt counties are presented in tables 17 and 18 as percentages 
of seventy two 20 acre fields or thirty six kO, 80, or i60 acre fields suit­
able for the various cropping sequences, îbr example, 26,3 percent or 19 of 
seventy two 20 acre fields and 19,4 percent or 7 of 36 possible 160 acre 
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fields were suitable for COMM in Adams County with the erosion control 
model. 
Soil pattern model 
The soil pattern model was developed to provide a basis for consider­
ation of cropping sequence suitability of soils that were not subject to 
soil loss through erosion or on which application of necessary erosion 
control practices was feasible. In developing the soil pattern model, two 
questions were asked: (a) What yield reduction can be expected over the 
long pull if erosion is not controlled?, and (b) What production will be 
sacrificed on soils not subject to erosion if such soils are subjected to 
the level of cropping intensity that is required to hold soil losses on 
erosive soils within soil loss tolerances? Production estimates were re­
quired in order to answer these questions. 
Crop yield estimates were prepared for each mapping unit for cropping 
sequences of CCCC, CCCOx, CGCOM, CCOM and COMM within the percent slope 
limitations given in table 10. For Adams County, estimates were also made 
for a MMMM cropping sequence. 
Ihe crop yield estimates were based on the following assumptions (4?). 
1. Adequate drainage is provided viiere possible. 
2, Soil losses from erosion are held within soil loss tolerances. 
3» Limestone and fertilizers are applied at rates equivalent to high 
rates suggested on Iowa State University soil test reports. 
4. Hi^ yielding good standing hybrids or varieties are used. 
5. Final plant population is consistent with available moisture. 
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6, Weed and insect control are adequate. 
7, Tillage operations are adequate, 
8, Harvesting loss is minimized, 
9, Operations are conducted as timely as possible. 
Adjustments for cropping sequence effects were based on data presented by 
Shrader et al (6?, p, 1?), The crop yield estimates are presented in tables 
38 and 39 in the appendix. 
Crop production possibilities based on the yield estimates were pre­
pared for each mapping unit. Grain production was expressed as hundred 
weights (cwt.) of grain and forage production as hundred weights (cwt.) of 
forage. Grain and forage production per rotation acre were determined from 
the follovang equations: 
I "  • '  
n 
where G = cwt. of grain produced per rotation acre 
= corn production in cwt. for C^, C2. G^, C/|, 
0 = oat production in cwt, 
F = forage produced per rotation acre 
Fjj_ = forage production in cwt, for F^, F2, F-j, F2|. 
n = total number of years in the cropping sequence. 
The estimation of G and F values for different cropping sequences per­
mitted evaluation of A Gg which is defined as the gain in total grain pro­
duction on a soil mapping unit area by going from a less intensive to more 
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intensive row crop sequence within the allowable soil loss tolerances. 
Assumptions of grain and forage value were necessary in order to evaluate 
AGs* Shelled corn and oats were assumed to be equal in dollar value per 
pound. Forage was assumed to have the same dollar value per pound as 0.5 
pound of grain. Thus, was assumed to be equal to the change in grain 
production and one-half of the change in forage production. Tables 12 and 
13 present AGg estimates for soil mapping units in the samples from Adams 
and Humboldt counties. 
Assumptions for yield reduction due to the effects of sub-optimum ero­
sion control were necessary to evaluate ^ Gg, i,e., the change in grain pro­
duction due to yield reduction effect of erosion. Yield reduction of 10 
percent and I5 percent were assumed depending upon the degree of departure 
from an erosion controlling cropping sequence. Assumptions were made only 
for cropping sequences that would hold soil losses within soil loss toler­
ances, If a soil mapping unit area exceeded the slope limitations presented 
in table 10 for a particular cropping sequence, it was assumed that the area 
in question would be retired from grain production, A Gg for such areas was 
set equal to the grain production at the most intensive level suitable for 
the mapping unit area in question. Assumed values for AGg for Adams and 
Humboldt counties are presented in tables 14 and 15 respectively. 
The AGe and AGg values were utilized as a mechanism for determining 
acceptance or rejection of a field with respect to cropping sequence suit­
ability, The field was accepted if the following relationship held; 
Ai = acres of ith non-erosive soil, 1=1 m 
Gsi = per acre gain in grain production from increasing cropping 
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Table 12. Estimated changes in grain production w-th increase in intensity 
of cropping sequence. Adams County, Iowa, 
Soil GCCOx • CCGOM CœM COMM MMMM 
mapping to to to to to 
unit CCCC CCCOx CCCOM CCOM OOMM 










Br 5.3 1.1 1.9 3.3 11.0 





CfC .9 2.9 8.0 
CfC2 .8 2.7 7.9 
G1C2 1.2 Z A  7.1 
C1D2 7.5 
Cm 4.8 1.5 1.9 3.6 11.0 
Co 4.9 1.1 1.7 3.2 10.9 
CxB 4.4 1.0 1.7 2.9 10.0 
GaD2 5.0 
GrB 4.7 .9 1.5 2.7 9.0 
HaC2 .8 1.7 5.0 
JuA 5.7 1.1 2.0 3.6 11.0 
JuB 5.3 1.2 2.0 3.5 10.8 
JuC 2.0 2.5 10.7 
LaB 5.5 1.5 1.7 3.6 8.5 
LaC 1,5 3.3 8.1 
LaC2 1,5 2.8 8.9 
LaD 8.3 
LaD2 8.0 
MaA 5.6 1.4 2.0 3.8 11.5 
MaB 5.3 .7 1.8 2.8 10.0 
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Table 12. (Continued) 
Soil CGCOx CCGOM CCOM COMM 
mapping to to to to to 
CCCC GCCOx GCCOM CCOM com 
cwt. cwt. cwt. cwt. cwt. 
Nn 5.5 1.0 1.9 3.3 10.6 
Nw 5.1 1.2 1.8 3.2 11.1 
OmB 5.3 .7 1.8 2.8 12.0 
OmC 1.8 3.1 10.0 
SaB 5.3 .7 1.8 2.8 10,0 
SaB2 5.1 1.3 1.6 3.7 10,7 
Sa G 1.7 2.8 10,5 
SaC2 1.7 2.5 10,4 
SaD2 9.3 
SbA 5.6 1.4 2.0 3.8 11,5-
SbB 5.3 .7 1.8 2.8 10,0 
ShD 7.0 
ShD2 7.0 
Sp 3.6 1.7 1.5 3.6 9.0 
St 3.6 1.7 1.5 3.6 9.0 
Wa 3.0 1.2 1.4 2.5 7.0 
Wb 4,7 1.1 1.4 3.2 9.0 
Wr 5.4 .8 2.1 2.7 10,2 
WtB . 5.5 1.0 1.9 3.3 10,6 
sequence intensity on the ith non-erosive soil, 
Bj = acres of jth erosive soil, j-l....m. 
Gej = per acre reduction in grain production due to erosion of 
the jth erosive soil. 
The field was rejected if the follovjing relationship held; 
(4) Aosi + Gej <0 
The results of the application of the soil pattern model to the soil 
pattern of figure 22 are presented in table l6. 
In this example, the field is accepted as suitable for continuous com 
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Table I3, Estimated changes in grain production with increase in intensity 
of cropping sequence, Humboldt County, Iowa 
Soil GGCOx GCGOM GCOM COM 
mapping to to to to 
unit CGCG CGGOx GGGOM CQOM 
cwt. cwt. cwt. cwt. 
• CaB 6.0 1.4 2.2 4.9 
CaB2 4.9 1.3 1.9 3.2 
CaC2 1.8 3.0 
CnB 6.0 1.1 1.8 3.9 
CnC2 6.0 1.6 2.9 
Or 5.6 2.2 2.6 4.4 
CtB 5.6 1.6 1.8 2.6 
Cu 4.7 .9 1.5 2.7 
DkA 4.6 .8 1.3 2.2 
DkB 4.7 .5 1.2 2.3 
DkB2 4.7 .5 1.2 2.3 
DkC2 1.2 2.1 
DtA 4.4 
.9 1.1 2.4 
DtB 3.8 .9 1.1 2.1 
DtC 
.7 .8 1.9 
Du 4.0 .8 1.2 2.3 
ï^B 4.2 .8 1.4 2.6 
FaC2 1.2 1.8 
Ga 5.7 1.2 2.0 3.5 
Gc 5.2 1.7 1.9 4.1 
Ha 5.0 .9 1.7 2.9 
He 5.5 1.1 2.3 2.6 
Hu 5.7 1.0 1.2 3.6 
KdA 5.8 1.2 1.2 3.9 
KdB 5.6 1.3 1.7 2.7 
KmA 5.4 .5 1.1 3.7 
KmB 5.3 1.6 1.8 3.7 
LmB 5.6 1.1 1.9 3.1 
LmC2 1.7 3.0 
Lu 5.4 1.2 1.9 3.4 
Md 5.8 1.2 1.8 3.4 
5.5 1.3 1.8 3.5 
Nc 5.7 1.0 1.2 3.6 
Ok 5.8 1.8 1.9 4.2 
Op 6.0 2.3 2.2 4.9 
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Table I3. (Continued) 
Soil CCGO, CCCOM CGOM com 
mapping to to to to 
unit cccc CCCOv CCCOM CCOM 
cwt. cwt. cwt. cwt. 
Or 4.9 1.4 1.7 3.3 
Pv 5.5 1.3 1.7 3.4 
Ro 4,8 .4 1.2 2.8 
TeA 5.7 1.2 2.0 3.5 
TeB 5.8 1.2 1.8 3.4-
Wc 5.7 1.9 2.0 4.1 
WdA 5.8 1.3 1.7 3.6 
WdB 6.1 1.1 1.7 2.9 
%iA 4.4 1.3 1.8 3.4 
T,toB 5.0 1.0 1.7 2.7 
Wy 6.0 1.2 2.0 3.4 
Wz 5.4 1.6 1.9 3.8 
since : 
^Ai Aosi- + = 657.3'+ (-412.6) = 244.7 or 
Ai AGsi+ ^ >^Bj jC^Oej >0. 
The aggregate of "unerosive" soils in the above quarter section field is 
101,5 acres and the aggregate of "erosive" soils is 56,0 acres. Thus, the 
soil pattern of the field is one dominated by soils not subject to erosion. 
A reasonably accurate approximation of the soil pattern effect may be 
arrived at by ccxnparing the aggregate acreage of soil mapping unit areas 
not subject to erosion with the aggregate acreage of soils subject to erosion. 
If the acreage of soils not subject to erosion exceeded the acreage of ero­
sion susceptible soils, the field would be accepted. If the converse were 
true, the field would be rejected. In the range where the acreages were apr 
proximately equal, the estimated changes in grain production associated with 
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Table 14. Assumed changes in grain production due to inadequate erosion 
control systems, Adams County, Iowa 
Soil GCGO, GGGOM GGGOM GGOM GGOM GOMM GOMM MMMM MMMM 
mapping to to to to to to to to to 
unit cccc CCCC GGCOx CGGOv GGGOM GGGOM GGOM GGOM GGOM 
















-3.2 -4.8 -3.1 -4.6 —2.8 
CfC2 -3.0 -4.5 -3.0 -4.5 -2.7 
C1C2 
-2.9 -4.4 -2.7 -4.1 -2.6 
C1D2 -2.4 
CxB -4.2 -6.3 -3.8 -5.7 0 0 0 0 0 
GaD2 -1.8 
GrB -4,0 -6.0 
-3.5 -4.3 0 0 0 0 0 
HaC2 -2.0 
-3.0 -2.0 -3.0 -1.8 
JuB -5.0 
-7.5 -4.4 -6,6 0 0 0 0 0 
JuC -4.2 -6.3 -4.0 -6.0 0 
LaB 
-4.5 -6.7 -3.8 -5.7 -3.9 -5.9 0 0 0 
LaE 
-3.5 -5.3 -3.4 -5.1 0 
LaC2 






-7.2 -4.2 -6.3 -4.2 -6.3 0 0 0 
OmB -4.8 
-7.2 -4.2 -6.3 0 0 0 0 0 
OmC 
-3.9 -5.9 -3.7 -5.5 0 
SaB -4.8 
-7.2 -4.2 -6.3 -4.2 -6.3 0 0 0 
SaB2 -4.6 -6.9 -4.1 -6.1 -4.0 -6.0 0 0 0 
SaC 
-3.9 -5.9 -3.8 -5.7 0 
SaC2 










Table 15. Assumed changes in grain production due to inadequate erosion 
control systems, Humboldt County, Iowa 
Soil gggox GGCOM GGCOM GGCOM CGOM GOMM G0MI4 
mapping to . to to to to to to 
unit CGCG CCGC gggox GCCOx GGCOM GGCOM CGOM 
cwt. cwt. cwt. cwt. cwt. cwt. cwt. 
CaB -4.8 -7.6 -4.2 -6.3 -4.1 -6.1 0 
CaB2 -4.6 -6.9 -4.2 -6.3 -4.0 -6.0 0 
CaC2 
-3.9 -5.8 -3.4 
CnB 
-4.5 -6.8 -4.0 -6.0 
-3.9 -5.8 0 
CnC2 -3.6 -5.4 0 
CtB -4.8 -7.6 -4.3 -5.0 0 0 0 
DkB 
-3.5 -5.2 -3.0 -4.5 -2.9 -4.4 0 
DkB2 
-3.5 -5.2 -3.0 -4.5 -2.9 -4.4 0 
DkG2 -2.7 -4.1 —2.6 
DtB 
-3.2 -4.8 -2.8 -4.2 -2.7 -4.1 0 
DtC 
-3.3 -2.4 -3.6 -2.2 
FaB 
-3.3 -5.0 -4.1 -5.0 -3.2 -4.8 0 
FaG2 -3.0 -4.5 -2.9 
KdB 
-4.7 -7.0 -3.8 -6.1 -4.0 -6.0 0 
KmB -4.4 -6.6 -4.1 
-5.7 -3.6 -5.4 0 
LmB -4.6 -6.9 -4.2 —6.1 -4.0 -6.0 0 
LmG2 
-3.9 -5.9 -3.6 
TIB -4.8 -7.6 -4.2 -6.3 0 0 0 
WdB 
-4.7 -7.0 -4.1 -6.1 -4.0 -6.0 0 
WioB -4.3 -6.4 -3.8 
-5.7 -3.6 -5.4 0 
an increase in cropping sequence intensity (^Gg) and with inadequate ero­
sion control (^Ge) were carried out as illustrated in table l6. 
The results of applying the soil pattern model are presented in tables 
17 and 18 as percentages of seventy two 20 acre fields and 36 of 40, 80, or 
160 acre fields that were suitable for a particular cropping sequence. For 
example, in Humboldt County, 66,7 percent or 48 of 72 twenty acre fields and 
47.2 percent or 17 of 36 possible i60 acre fields were suitable for contin­
uous com (GCCC) with the soil pattern model. 
Table 16, Results of application of the soil pattern model to the SE^, Sec. 26, T93N, R3OW, Humboldt 
County, Iowa 
No. Soil A ^ Gs Ad&Gs B ^ Ge BAGe 
Symbol Acres cwt./acre cwt. Acres cwt./acre cwt. 
1 No 34.5 5.7 196,6 
2 Wy 6.0 6.0 36.0 
3 CaB 2,0 -4,8 -9.6 
4 CaB 7.0 -4,8 
-33.6 
5 w 8.5 6.0 51.0 
6 No 3.0 5.7 17.1 
7 Nc 1.0 5.7 5.7 
8 CaB 26.0 -4,8 -124,8 
9 wy 5.0 6.0 30.0 
10 CnB 1.0 -4,5 -4.5 
11 CaC2 2,0 -32.1 -64,2 
12 CaC2 1,0 -32,1 —32,1 
13 Ha 11.5 5.0 57.5 
14 Ok 1.5 5.8 87.0 
15 CaB 2,0 -4.8 -9.6 
16 CaB 2,0 -4,8 -9.6 
17 CaB 4.5 -4,8 —21,6 
18 CaC2 1.5 -32,1 -48.2 
19 wy 22.5 6.0 135.0 
20 Ha 6.5 5.0 32.5 
21 Wy 1.0 6.0 6.0 
22 Nc .5 5.7 2.8 
23 CaD2 2,0 -15.4 -30,8 
24 CaB - 5.0 -4,8 -24,0 
101.5 657.3 56.0 -412.6 
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The percent of fields in the samples from Adams and Humboldt counties 
that were suitable for the various cropping sequence-soil use model combi­
nations are presented in tables 1? and 18, Confidence intervals for a 90 
percent probability level are also presented in tables 1? and 18, 
The percentage of suitable fields increases with decreasing propor­
tion of row crops in the cropping sequence and decreases with increasing 
field size. In the Adams County sample, with the erosion control model and 
y 
20-acre field size, the percentage of fields suitable was 4,2, 5.6, 11.1, 
45.3 and 26,3 for CCCC, CGCO^, CCCOM, CCOM and COM respectively. In the 
Humboldt County sample, using the erosion control model and 20-acre field 
size, the percentage of suitable fields was 52.8 percent, 62.5 percent, 75 
percent and 81,7 percent and 83.3 percent for CCCC, CCCOv» CCCOM, CCOM, and 
COMi^ sequences respectively. Similar trends can be seen in tables 17 and 
18 with the other field size and soil use models. 
A decrease in the percentage of suitable fields generally occurred as 
field size increased. In Humboldt County,, with the erosion control model 
and a CCCC cropping sequence, the percentages of suitable fields were 52.8 
percent, 38.9 percent, 36.1 percent and 27.8 percent for the 20, 40, 80 and 
160 acre fields respectively. 
In Adams County, the percentage of suitable fields increased frcxn the 
20-acre field size to the 40-acre field size with the erosion control and 
soil pattern models. The increase reflects the square shape of the equi-
sided 40-acre fields and the shape of Sharpsburg soils on 2 to 5 percent and 
5 to 9 percent slopes. These soils frequently are on long narrow ridge tops 
and on side slopes as illustrated by areas 4, 19 and 20 in figure I3, The 
square shape of the 40-acre fields permitted row orientation in either north. 
Table 17. Cropping sequence suitability of different field sizes - Adams County 
Field 4» of fields suitable for cropping sequence 
size 
acres GCCC CCCOx CCCOM CCOM COMM 
Vertical Technology Model 
20 6.9 (3.4-12.9) 9.7 (5.5-15.8) 18.1 + 7.6 36.1 + 9.52 43.1 + 9.86 
40 13.9 (6.9-24.2) 13.9(6.9-24.2) 25.0 TÏ5.7-36.6) 33.3 + 13.43 52.8 + 14.11 
80 5.6 (1.5-14.2) 5.6 (1.5-14.2) 19.4 (11.2-30.5) 25.0 115.7-36.6) 36.1 + 13.6 
160 2.8 (.3-10.0) 2.8 (.3-10.0) 16.6(9.0-27.3) 16.6(9.0-27.3) 27.8 (18.0-39.8) 
Erosion Control Model 
20 4.2 (1.5-9.3) 5.6 (2.4-11.1) 11.1 (6.6-17.5) 15.3 + 7.1 26.3 + 8.84 
40 13.9 (6.9-24.2) 13.9 (6.9-24.2) 19.4 (11.2-30.5) 22.2 113.3-33.8) 38.9 + 13.77 
80 0 (0-6.4) 2.8 (.3-10.0) 5.6 (1.5-14.2) 8.3(3.1-18.6) 25.0 115.7-36.6) 
160 2.8 (.3-10.0) 2.8 (.3-10.0) 5.6 (1.5-14.2) 11.1 (4.9-21.1) 19.4 (11.2-30.5) 
Soil Pattern Model 
20 6.9 (3.4-12.9) 9.7 (5.5-15.8) 13.9 (8.9-20.3) 16.7 + 11.0 36.1 + 9.5 
40 13.9 (6.9-24.2) 13.9 (6.9-24.2) 25.0 (15.7-36.6) 30.1 + 12.9 52.8 + 14.1 
80 5.6 (1.5-14.2) 5.6 (1.5-14.2) 19.4 (11.2-30.5) 25.0 T13.3-33.8) 36.1 + 13.6 
160 2.8 (.3-10.0) 2.8 (.3-10.0) 16.6 (9.0-27.3) i6.6 (9.0-27.3) 27.8 t18.O-39.8) 
M Kj3 
^Confidence intervals are based on assumption of normal approximation with t as suggested by 
Cochran (11, p40). Values in ( ) are from Fisher & Yates (21, Table VII, p56). 
Table 18. Cropping sequence suitability of different field sizes - Humboldt County 
Field it of fields suitable for cropping sequence;* ~ 
size 
acres CCCC CCCOx CCCOM CCOM COm 
Vertical Technology Model 
20 75.0 + 8.67 76.4 + 8.5 81.9 + 7.66 81.9 + 17.65 83.3 + 7.48 
40 61.1 + 13.77 61.1 + 13.77 66.7 + 13.43 72.2 + 12.75 72.2 + 12.75 
80 61.1 + 13.77 63.8 + 13.60 63.8 + 13.60 66.7 + 13.43 66.7 + 13.43 
160 55.6 + 14.11 61.1 + 13.77 61.1 + 13.77 63.8 + 13.60 63.8 + 13.60 
Erosion Control Model 
20 52.8 + 10.03 62.5 + 13.77 75.0 + 8.67 81.9 + 7.65 83.3 + 7.48 
40 38.9 + 13.77 47.2 + 14.11 66.7 + 13.43 69.4 + 13.09 72.2 + 12.75 
80 36.1 + 13.77 47.2 + 14.11 58.3 + 13.94 63.8 + 13.60 66.7 + 13.43 
160 27.8 + 12.75 55.6 + 14.11 61.1 + 13.77 61.1 + 13.77 63.8 + 13.60 
Soil Pattern Model 
20 66.7 + 9.35 70.8 + 9.01 79.2 + 8.16 81.9 + 7.65 83.3 + 7.48 
40 58.3 + 13.94 58.3 + 13.94 66.7 + 13.43 72.2 + 12.75 72.2 + 12.75 
80 58.3 + 13.94 61.1 + 13.77 61.1 + 13.77 66.7 + 13.43 66.7 + 13.43 
160 47.2 + 14.11 58.3 + 13.44 61.1 + 13.77 63.8 + 13.60 63.8 + 13.60 
®Confidence intervals are based on assumption of normal approximation with t,io as suggested by 
Cochran (11, p40). 
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south or east-west general directions so that machine operations on the 
contour are more likely to be feasible than with the narrower 20-acre 
fields. 
The advantage of row orientation occurred less frequently in the 40-
acre fields in the Humboldt County sample. Areas of Clarion loam on 2 to 
5 percent and ^  to 9 percent slopes frequently occur in areas shaped like 
inverted bowls such as areas 3, 4, 12 and l6 in figure 22"; Contouring is 
often not feasible on areas such as these and as a result, the advantage for 
40-aere fields did not appear as frequently in the Humboldt County sample. 
The percentage of suitable fields was higher in Humboldt County than 
in Adams County in each of the field size-cropping sequence-soil use model 
combinations. The soil pattern model data of tables 17 and 13 illustrate 
the magnitude of the difference in percentage of suitable fields. In Adams 
County, the percent of fields suitable for continuous com ranged from 2.8 
percent (160 acre fields) to 13.9 percent (40 acre fields) with the soil 
pattern model. In the Humboldt County sample, the percent of fields suit­
able for continuous com ranged fran 47.2 percent (160 acre fields) to 66.7 
percent (20 acre fields). With the soil pattern model and a COM cropping 
sequence, the percent of fields suitable in Adams County ranged from 27.8 
percent (160 acre fields) to 52.8 percent (40 acre fields). In Humboldt 
County, the percent of fields suitable for COMM with the soil pattern model 
ranged from 63.8 percent (I60 acre fields) to 83.3 percent (20 acre fields). 
With the soil pattern model, the percentage of loO acre fields suitable for 
continuous corn in the Humboldt County sample was 47.2 percent, which was 
higher than the percentage of 20 acre fields in the Adams County sample 
(36.1 percent) that were suitable for COMM. 
1)4 
Comparisons of the data for the vertical technology and erosion con­
trol models provide quantification of the effect of size and shape of soil 
mapping unit area on the feasibility of application of erosion control tech­
nology, Comparison for CCCC, CCCOM, and COM based on samples from Adams 
and Humboldt counties are presented in figures 23» 24 and 25. 
As shown in figure 23» in the Humboldt County sample, approximately 75 
percent of the 20 acre fields, and 60 percent of the 40, 80 and l60 acre 
fields were suitable for CCCC with the vertical technology model, -fcrtiile 50 
percent of the 20 acre fields, 40 percent of the 40 acre fields, 35 percent 
of the 80 acre fields and.30 .percent of the l60 acre fields were suitable 
for CCCC with the erosion control model. Based on these data, if one is to 
attain a goal of maintaining soil losses within soil loss tolerances, crop­
ping sequences less intensive than indicated by vertical technology consid­
erations only will be necessary on approximately 25 percent of the fields. 
The "cost" of maintaining soil losses within soil loss tolerances is shown 
in a comparison of the soil pattern and erosion control models for Humboldt 
County in figure 23. The "cost" is represented by lower percentages in 
suitability for CCCC with the erosion control model. The percentage reduc­
tions are 21 percent, 50 percent, 38 percent, and 41 percent for the 20 , 40, 
80 and l60 acre fields respectively, based on the soil pattern model as 100 
percent. 
The low percentages of fields in the Adams County sample suitable for 
CCCC preclude valid inter-model comparisons. The magnitude of the difference 
in field suitability for oontinuous corn between Adams and Humboldt county is 
graphically illustrated in figure 23. 






Vertical technology' model 
Erosion control model 










Acres in field 
Figure 23. Suitability of 20, 40, 80 & 160 acre fields for continuous corn. 
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the Humboldt County sample. Inter-model comparisons may be made from 
figure 24". Approximately 60 percent of the 160-aere and 80-acre fields, 
6? percent of the 40-acare fields and 75 to 80 percent of the 20-acre 
fields ijere suitable for CCCOM. The CGCOM suitability of fields in the^ 
Adams County sample was less than 30 percent with all three moaels. The 
erosion control model gave the lowest percentages of suitable fields, par­
ticularly for the 80 and l60 acre fields where decreases of approximately 
13 percent and 11 percent were noted for the 80 and l60 acre fields re­
spectively, The percent suitability of fields for CCCOM in Huinboldt 
County (60 to 80 percent) again provides a striking contrast to the much 
lower percentages of suitability in Adams County (6 to 25 percent). 
The vertical technology, erosion control, and soil pattern models 
gave identical percentages of fielas suitable ibr a COMM sequence in Bim-
boldt County as shown in figure.25. The percentages were 63,8 percent, 
66.7 percent, 72.2 percent and 83.3 percent for the I60, 80, 40 and 20 acre 
fields respectively. The equal proportions with each of the models inch­
oate that factors other than lack of feasibility of erosion control prac­
tices were limiting field suitability in the Humboldt County sample. These 
factors include roads, railroads, drainage ditches, and other natural and 
cultural obstacles to cultivation. 
The vertical technology model gave the highest percentages of fields 
suitable for COM in Adams County as shown in figure 25. The percent of 
fields suitable for COM were 43.1 percent, 52.8 percent, 36.1 percent and 
27.8 percent for the 20, 40, 80 and I60 acre fields respectively. The per­
centages of fields suitable for COM decreased from 43,1 percent to 26.3 
O : Adams County 
Humboldt County 
— : Vertical technology model 
75 
— ; Erosion control model 
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Figure 24. Suitability of 20, 40, 80 & 160 acre fields for cropping sequence of CCCQî'î. 
o : Adams County O Humboldt County 
Vertical technology model 
Erosion control model 




25 o — - - _ 
t-" VjJ 
CO 
0 V/-26 40 80 160 
,Figure 25. Suitability of 20, 40, 80 & i60 acre fields for cropping sequence of COMM. 
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for the 20-acre fields, from 52.8 percent to 38.9 percent for the 40-aere 
fields, 36.1 percent to 25.0 percent for the 80-acre fields, and from 27.8 
percent to 19.4 percent for the l60-acre fields with the erosion control 
model. The decreases reflect the influence of size and shape of soil map­
ping unit areas on feasibility of applying erosion control practices. The 
"cost" for maintaining erosion losses within pemissable limits is indi­
cated by a comparison of the soil pattern and erosion control models. VJith 
the Adams County sample, ]6.1 percent of the 20-acre fields were suitable 
for a COM sequence with the soil pattern model, and 26.3 percent suitable 
for a COM sequence with the erosion control model, or a reduction of 27.1 
percent. Suitability of the 40, 80 and I6O acre fields were reduced 26,3 
percent, 30.7 percent, and 3O.2 percent respectively (table I7 and figure 
25). 
The comparisons of the data of field suitability for the three soil 
use models support the problem delimiting hypotheses and the diagnostic hy­
potheses stated earlier in this study. The data provide evidence that size 
and shape of soil mapping unit areas influence the suitability of 20, 40, 
80 and 160 acre fields for the application of erosion control technology. 
The data also indicate the suitability of the two counties for row 
crop production. The high percentage of 80 and 16O acre fields in the Hum­
boldt County sample that are suitable for intensive row crop production pro­
vide evidence that a large proportion of Humboldt County is well adapted 
for modem large capacity crop production machinery. The consideration of 
only regularly shaped fields lends a conservative note to the estimates of 
field suitability. A consideration of smaller and less regularly shaped 
fields would probably produce higher rates of suitability. However, the 
IW 
analysis would then need to assume smaller capacity crop production equip­
ment (2 to 4 row) rather than the large capacity equipment (4 to 8 row) 
assumed in this analysis. 
Spatial Soil Characteristics and Area Analysis 
In the final stage of the analysis, soil use potential estimates were 
prepared for Adams and Humboldt counties by three different methods. The 
com.parisons also provided additional evidence to support the hypothesis 
that size and shape of soil areas are identifiable soil properties that 
are important in determining soil use alternatives. The final stage of the 
study also served to test the remedial hypotheses. 
Soil use potential estimates were prepared for each county on the bas­
is of (a) soil groups similar to those suggested by Shrader, Slusher, and 
Riedcen (68), (b) land use capability subclasses as suggested ty Shrader 
and Landgren (62), and (c) conceptual soil use potential classes as devel­
oped in this study. In (a) and (b), it was assumed tl^t the technology 
complex required for maximum row crop intensity for a particular group or 
class could be applied. In (c), ijie soil use potential of an area reflected 
the feasibility of applying the technology complex consistent with maximum 
row crop intensity. In this way, comparison of vertical and horizontal 
aspects of the application of technology could be made. 
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Soil groups 
The system of grouping individual soil mapping units into groups was 
based on water holding capacity, drainage, fertility, protection from over­
flow and ease of tillage as suggested by Shrader et al. (6?). In addition, 
slope gradient was taken into account. 
The soil mapping units in the Adams County sample were grouped into 21 
soil groups as follows; 
Win terse t group : ^ Br, Wr. 
Macksburg group: JuA, MaA, Hn, SbA. 
Sharpsburg group, 2-5^ slopes; JuB, LaB, MaB, OraB, SaB, SaB2, SbB. 
Sharpsburg group, 5-9^ slopes : JuC, LaC, LaC2, SaC, SaC2. 
Sharpsburg group, 9-14^ slopes: AwD, LaD, LaD2, SaD2. 
Clearfield group, 5-9^ slopes; GfC, CfC2, 
Adair-Glarinda group, 5-9^ slopes; AaC, AcG2, ApC2, CcC, CcG2. 
Adair-Clarinda group, 9-l4i^ slopes; AaD2, AcD, AcD2, ApD2, ApD. 
Adair-Glarinda group, >14^ slopes or severely eroded phases: 
AcE2, AdD3, AmD3, ApD3, ApE2. 
Shelby group, 9-14^, slopes; GaD2, ShD, ShD2. 
Shelby group, slopes greater than 14$ or severely eroded phases; 
GaE, GaE2, GaF, GaS3, GbE3, ShE, ShF, ShD3, S0E3. 
Colo-Gravity group, 2-5^ slopes; GrB, GxB, 
Colo group; Qji, Go. 
Wabash silty clay group ; Via. 
Wabash silty clay loam group; Wb. 
Nodaway group ; No. 
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Chariton group: Ca. 
Hagener group; HaC2. 
Sperry group: Sp, St. 
Clinton group, 9-14$ slopes: C1D2. 
In Humboldt County, the soil mapping units in the sample were placed 
in ten groups as follows : 
Nicollet group: Ga, Hu, KdA, Lu, Ne, Pv, WdA. 
Webster group: Cr, CtB, Du, Md, Mm, Op, \iy. 
Harpster group: Ha, He, Wz. 
Glencoe group: Cu, Gc, Mu, Mw, Mz, Ok, Or, Ro, Wc. 
Clarion group, 2-5# slopes: CaB, CaB2, CnB, KdB, DjiB, TeB, 'vJdB. 
Clarion group, 5-9# slopes: CaC2, CnC2, HdC2, DnC2. 
Clarion group, >5-9# slopes: CaD2, CaE2, HdD2, HsF, ImD2, LmE2, 
LoE2, LsF, StD2, StE2, StF3. 
Moderately deep to sand and gravel group: KmA, KmB, WnA, WjiB. 
Dickinson group: DkA, DkB, EkC2, DkD2, DtA, DtB, DtC2, FaB, FaC2, 
V6nD2. 
Miscellaneous soil group: LaD2, SgB. 
In some instances soil groups include rather heterogeneous soil map­
ping units with respect to slope. Soil mapping units of small areal ex­
tent were placed in groups that included soils with' the largest number of 
similar characteristics. 
The sanple mean acreage per quarter section and the estimated total 
for each soil group are given in table 19. Variance, standard error and 
conildence interval estimates for the five most extensive soil units in 
each county are presented in table 20, The anall extent of the .remaining 
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Table 19. Estimated acreages of soil groups 
Soil group Acres No. of ^  Couniy Total 
per & section sections acres 
Adams County 
Winterset 1.4 1728 2,419.2 
Macksburg 7.4 12,787.2 
Shaipsburg, 2-5# 23.3 II 40,262.4 
Sharpsburg, 5-9# 28.9 II 49,939.2 
Shaipsburg, 9-14# 6.6 II 11,404.8 
Clearfield, 5-9# 3.6 II 6,220.8 
Adair-Clarinda, 5-9# 6.7 II 11,577.6 
Adair-Clarinda, 9-14# 16.4 II 28,339.2 
Adair-Clarinda, >14# 3.2 5,529.6 
Shelby, 9-14# 7.6 13.132.8 
Shelby, >14# 13.3 II 22,982.4 
Colo-Gravity, 2-5# 18.8 II 32,486.4 
Colo 7.3 II 12,614.4 
Wabash silty day 1.1 II 1,900.8 
Wabash silty clay loam 4.6 II 7,948.8 
Nodaway 3.6 II 6,220.8 
Nodaway, channeled 
.9 II 1,555.2 
Chariton .2 345.6 
Hagener .1 172.8 
Sperry .2 M 345.6 
Clinton, 9-14# .5 M 846.0 
Roads, Misc. 2.9 M 5,011.2 
Adams County total 158.6 1728 274,060.8 
Humboldt County 
Nicollet 34.6 1728 59,788.8 
Webster 45.5 M 61,344.0 
Harps ter 24.1 tl 41,644.8 
Glencoe 18.2 II 31,449.6 
Clarion, 2-5# 28.4 It 49,075.2 
Clarion, 5-9# 3.9 II 6,739.2 
Clarion, > 5-9# 2.7 II 4,665.6 
36" to sand and gravel 3.5 II 6,048.0 
Dickinson 4.4 II 7,603.2 
Miscellaneous soils 3.5 II 6,048.0 
Roads, etc. 5.8 II 10,022.4 
Humboldt County Total 164.6 1728 284,428.8 
Table 20, Variance, estimated standard errors & confidence intervals for major soil groups of Adams 
and Humboldt Counties 
(Based on N = 1728 quarter sections) 



















































































groups in each of the counties precludes meaningful estimates on these 
statistical parameters. 
Estimated corn production potentials were calculated for each of the 
soil groups as shown in table 21. The annual per acre corn production po­
tentials were 14 million bushels for Adaais County and 22 million bushels 
for Humboldt County. 
Potential production from the five most extensive soil groups in Adams 
County account for approximately 66 percent of the total com production po­
tential estimate. In Humboldt County, the five most extensive soil groups 
contribute approximately 94 percent of the total county production poten­
tial estimate. This difference reflects extent of major soil groups with 
relatively low com production potential in Adams County and the extent of 
major soil groups with relatively high corn production potentials in Hum­
boldt County. 
The soil•group method of predicting soil use potential of an area has 
several advantages. The soil groups can be defined to include relatively 
homogeneous soil mapping units with respect to input requirements and pro­
duction potential. The soil mapping unit data necessary for the synthesis 
of the groups are available on a county and soil association basis. Pro­
duction potential estimates are relatively easy to prepare. The method has 
a major limitation, however, in that ii, is based on the assumption that 
technological inputs can be applied as needed. In the event that spatial 
characteristics limit the application of the technological inputs, the soil 
group method will overestimate the crop production potential of an area. 
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Table 21. Estimated com production potential based on soil groups 
Soil group Acres Bu/acre/year Corn production potential 
1000 bu/year 
Adams County 
Winterset 2,419.2 86 208.1 
Macksburg 12.787.2 90 1,150.8 
Sharpsburg, 2-5^ 40,262.4 85 3,422.3 
Sharpsburg, 5-95^ 49,939.2 56 2,796.6 
Sharpsburg, 9-14# 11,404.8 28 319.3 
Clearfield, 5-9$ ' 6,220.8 47 292.4 
Adair-Clarinda, 5-9^ 11,577.6 18 208.4 
Adair-Clarinda, 9-14^ 28,339.2 16 453.4 
Adair-Clarinda, >14^ 5,529.6 
Shelby, 9-14^ 13,132.8 21 275.8 
Shelby, > 14# 22,982.4 — —  
Colo-Gravity, 2-55^ 32,486.4 76 2,469.0 
Colo 12,614.4 80 1,009.2 
Wabash silty clay 1,900.3 52 98.8 
"Wabash silty clay loam 7,948.8 71 564,4 
Nodaway 6,220.8 88 547.4 
Nodaway, channeled 1,555.2 
Chariton 345.6 57 19.7 
Hagener 172.8 30 5.2 
Sperry 345.6 65 22.5 
Clinton 864.0 21 18,1 
Roads, etc. 5,011.2 
— 
- - - - -
Adams County Total 274,060.8 51.6 13,881.4 
Humboldt County 
Nicollet 59,788.8 90 5,381.0 
Webster 61,344.0 87 5,336.9 
Harpster >1,644.8 76 3,165.0 
Glencoe 31,449.6 76 2,390,2 
Clarion, 2-5# 49,075.2 86 4,220.5 
Clarion, 5-9# 6,739.2 57 384,1 
Clarion, > 5-9# 4,665.6 27 126.0 
36" to sand and gravel 6,048.0 80 483.8 
Dickinson 7,603.2 60 456.2 
Miscellaneous soil 6,048.0 0 00,0 
Roads, etc. 10,022.4 
Humboldt County Total 284,428.8 80.0 21,943.7 
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Land use capability subclasses 
The soil mapping units in the Adams ano Humboldt county samples were 
grouped by land use capability classes after Dideriksen (16) and Richlen 
et al. (50). The soil mapping units included in class I and subclasses He, 
/ 
lis, IIw, Ille, Ills, IIIw, and IVs are shovjn in table 22. Certain of the 
classes include a relatively homogeneous group of soils while others in­
clude a heterogeneous soil mapping unit population. 
Class I and subclass He are examples of relatively homogeneous groups 
in Adaiias and Humboldt counties. Class I in the Adams County sample includes 
the Macksburg and Nodaway groups and in Humboldt County, the Nicollet group. 
Subclass He includes the Sharpsburg group, 2 to 5 percent slopes in Adams 
County and the Clarion group, 2 to 5 percent slopes in Humboldt County. 
Subclass IIw in Humboldt County is an example of a subclass that in­
cludes a heterogeneous soil population. It includes the Harpster group con­
sisting of calcareous soils and the Webster group consisting of neutral to 
acid soils. Phosphorus and potassium requirement are quite different for 
the two groups. Subclass Ille in Adams County is also a heterogeneous soil 
population that includes the Sharpsburg groups on 5 to 9 percent and 9 to 
14 percent slopes, the Adair-Clarinda group on 5 to 9 percent slopes, and 
the Shelby group, 9 to 14 percent slopes. The groups differ from one an­
other in slope class, subsoil characteristics and fertility requirements. 
Although the land use capability classes and subclasses may include 
heterogeneous soil populations, they can provide an estimate of hazards to 
crop production that occur in a geographical area such as a county. Esti­
mates of the acreages in each of the land use capability classes were pre-
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Table 22. Soil mapping units in Adams and Humboldt county samples included 
in land use capability classes and subclasses I through IV.^ ^  
I IIw IIIw lie Ille IVe lis Ills IVs 
Adams 
County JuA Br AaC JuB AcC2 AaD2 HaC2 
MaA On Ca - LaB ApG2 AcD 
Nn Go CcC MaB AwD AcD2 
No CxB CcC2 OraB C1C2 ApD 
SbA GrB CfC SaB • C1D2 ApD2 
Wr C f C 2  SaB2 JuG CcD 
Sp SbB LaC GaD2 
- St LaG2 ShE 
Wa LaD ShE2 ' 








County Ga Gr Cu CaB CaG2 CaE2 FaB BkA DkG2 
Hu CtB Gc Ca32 CaD2 iinE2 KmA DkB BkD2 
KdA Du Mu CnB CnC2 StE2 KraB DtA FaD2 
Lu Ha i'lw KdB HdD2 VfaA DtB LaD2 
Ne He î'Jy ImB LniC2 WnB FaC2 SgB 
TeA Md Ok TeB LmD2 ViiiiD2 
WdA î'îm Or WdB StD2 
Op Pv 
w  Ro 
Wz Wc 
^Source: Dideriksen (l6) and Richlen, et al.(50). 
^Soil mapping unit symbols are identified in tables 36 and 37 in the 
appendix. 
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pared on the basis of the acreages of the soil group except where the soil 
groups included more than one capability subclass. In this event, the acre­
age of the individual soil mapping unit was used in the estimate. The sub­
class acreages for a given hazard were aggregatea to provide an estimate of 
the extent of the hazard in Adams and Humboldt counties. The acreages and 
percent of total county areas having the hazards are presented in table 23. 
On the basis of the expanded quarter section sample data, erosion is a 
dominant hazard on approximately ol percent, natural wetness on approximately 
28 percent, and drouthiness on less than 1 percent of the total area of Ad­
ams County. The dominant hazards in Humboldt County, based on expanded 
sample data, were natural wetness on about 46 percent, erosion on 22 percent 
and drouthiness on 6 percent of the total area. In Adams County, nearly ? 
percent of the area was relatively free of natural hazards as defined in 
the capability groups. About 21 percent of the area in Humboldt County is 
classed as being free of natural hazards in the capability grouping. The ex­
tent of natural hazards give a rough approximation of the crop production 
potential in the two counties. This potential was estimated quantitatively 
on the basis of the land use capability subclasses as suggested by Shrader 
and Landgren (62). Corn production potential in bushels per year are pre­
sented in table 24. 
The com production potential for Adams County based on land use capa­
bility subclasses was 55 bushels per acre per year or approximately I5 
million bushels per year. For Humboldt County, the estimate was 85 bushels 
per acre per year, or approximately 23i million bushels per year. In each 
of the county estimates.,..acreage estimates for each of the classes or sub­
classes were based on the expanded quarter sample data. The acreage esti-
Table 23. Acres with various hazards to crop production in Adams and Humboldt counties 
Dominant hazard Capability Adams County Humboldt County 
class or 
subclasses Acres* # Acres^ 
None I 19,008.0 6.9 59,788.8 21 
Wetness IIw, IIIw 75,859.2 27.7 130,636.8 45.9 
Erosion He, Ille, IVe 166,924.8 60.9 63,244.8 22.2 
Drouthiness lis, Ills, IVs 172.8 .7 17,971.2 6.3 
&Acres based on expanded quarter section sample data for Adams and Humboldt counties. 
^Based on estimated county totals of 274,060.8 acres for Adams County and 284,428.8 acres for 
Humboldt County, 
Table 24. Estimated corn production potential based on Land Use Capability 
Subclasses 
Land Use Capability Acres Bu/acre/year Com production potential 
Class Subclass 1000 bu/year 
Adams County 
I 19,008.0 92 1,748.7 
II e 40,262.4 70 2,818.4 
II w 47,520.0 80 3,801.6 
III e 75,3^.8 40 3,013.6 
w 28,339.2 65 1,842.0 
IV e 51,321.6 30 1,539.6 
s 172.8 40 6.9 
V 1.555.2 50 77.7 
VI & VII e 5,529.6 10 55.3 
Roads & Misc. 5,011.2 
Adams County total 274,060.8 55 14,903.8 
Humboldt County 
I 59,788.8 92 5,500.6 
II e 53,740.8 70 3,761.8 
II w 101,606.4 80 8,128.5 
II s 5,529.6 60 331.8 
III e 7,776.0 40 . 311.0 
III w 29,030.4 65 1,887.0 
III s 6,566.4 50 3,283.2 
IV e 1,728.0 12 20.7 
IV s 5,875.2 40 235.0 
V - 1,036.8 50 51.8 
VI e 1,036.8 11 11.4 
VI s 172.8 11 1.9 
VII e 518.4 9 4.7 
Roads & Misc. 10,022.4 —, 
---
Humboldt County total 284,428.8 85 23,529.4 
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mates for the various subclasses are also presented in table 24. 
I 
The land use capability subclass estimates are within approximately 
10 percent of the estimates based on soil groups. Factors contributing to 
the agreement are that both the subclasses and soil groups are based on 
combinations of soil mapping units and on a consideration of vertical appli­
cation of technology. The advantage of the methods based on soil mapping 
units is that estimates of aggregate acreages of soil mapping units are 
available in each county in Iowa as either county wide or sample data. 
A limitation of the capability subclass estimates is that the soil 
mapping units "lumped" together in a class may lead to erroneous yield es­
timates as shown in table 25. The estimates of table 25 are based on the 
first year corn yield estimate presented in the appendix (tables 38 and 39). 
The variation in yield estimates for a subclass ranges from 5 bu/acre for 
the soil mapping units included in class I in Humboldt. County to 36 bu/acre 
for soil mapping units included in subclass Ille in Adams County. 
The range in yield potential of soils included in the land use capa­
bility subclasses is further complicated by variation in input requirement 
for limitations other than those specified by the dominant hazard. Sub­
class IIw for Humboldt County whidi includes calcareous soils such as Harp-
ster loam, Haipster silt loam, and Webster silly clay loam, calcareous var­
iant as well as neutral, to acid soils such as Webster silty clay loam. 
A serious shortcoming in using the land use capability subclasses to 
estimate crop production potential is the assumption of vertical application 
of technology. The knowledge that a given soil limitation can be corrected 
by application of technology will "pay off" only if it is actually applied. 
If application is not feasible, the limitation is not removed. This same 
Table 25» High and low yielding soil mapping units included in land use capability classes as sub­
classes for Adams and Humboldt counties^ 
Land use capability 
class or subclass 
Adams County 
Corn yield estimate 
(bu/acre) 
Humboldt County 
Corn yield estimate 
(bji/acre) 
I 88 95 90 95 
IIw 75 91 82 95 
lie 79 90 85 90 
lis —— - - 70 85 
IIIw 75 70. 85 
Ille 55 91 60 85 
Ills 
— - —— 
60 68 
^Com yield estimate based optimum input levels for 1st year corn, 
^s.m.u. = soil mapping unit. 
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shortcoming is present in estimates based on aggregate acreages of soil 
mapping units and in methods based on aggregated soil mapping units. 
Soil use potential classes 
Knowledge of the response of soils to the application of vertical 
technology is important in analyzing the soil resources for an area such 
as a county. However, as pointed out in the. previous section, knowledge of 
the extent that technological inputs can actually be applied to a given seg­
ment of space is necessary in order to appriase the impact of the inputs on 
the soil resources of an area. Horizontal as -well as vertical aspects of 
technology need to be considered. 
Horizontal application of technology was considered in the six soil use 
potential classes that were conceptualized in this study and utilized in 
analyzing the soil resources of the quarter section samples of Adams and 
Humboldt counties. In developing the soil use potential classes, the soil 
mapping units with a high or moderately high degree of homogeneity were 
grouped together, i.e., individual soils included in a soil use potential 
class could require differential treatment as frequently as every 4 to 10 
years. Tentative soil use potential classes were based on groups of soil 
mapping units. These units also served as the foundation for the soil groups 
and for, the capability subclasses. The structure of the groups is different, 
however, as shown in table 26. 
The soil use potential class considers areas of space in relation to 
feasibility of application of technological inputs required for treatment 
of a hazard. It is an "in-gathering" or synthesis of soils of similar use 
Table 26, Example of structure of soil groups, land use capability classes and subclasses and soil 
use potential classes 
Soil mapping 
units^ 





Soil use potential class 
if treatment for hazard is: 







2 to 5^ slopes 






3 or lower 
^Soil mapping units in a hypothetical field. 
^Based on assumption that Harpster requires differential treatment viith phosphorus and potassium 
more frequently than once. 
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suitability that are geographically associated. Although the soil use po­
tential classes were indicated by a synthesis of soil mapping units with a 
moderately high degree of homogeneity, the concept was applied to areas of 
space rather than to soil mapping units per se. The minimum size area was 
also subject to the additional restraint that the area had to be sufficient­
ly regular in shape to permit the application of erosion control practices 
consistent with the most intensive cropping sequence suitable for the field. 
/ 
Crop production possibilities for each of the soil units were calcu­
lated in terms of hundred weights of grain production per acre per year. 
The yield estimates of tables 38 and 39 in the appendix served as a basis 
for these calculations. The grain production possibility in hundred 
weights included com and oat production for a given cropping sequence. 
The grain production was expressed as bushels of com per acre per year for 
I 
applicable cropping sequences for each soil mapping unit. Soil mapping 
units were placed in soil use potential classes on the basis of grain pro­
duction potential expressed as bushels of shelled corn (56 lb/bushel) per 
acre per year. 
The six soil use potential classes were defined as follows: 
1. Includes soils with corn production potential of more than 80 
bushels per acre per year. The soils included are suited for con-
/ 
tinuous row crop production. The areas classified in this class 
included: 
(a) Nearly level, moderately permeable, well to imperfectly 
drained soils. 
(b) Nearly level, moderately pemeable, poorly drained soils. 
(c) Very gently sloping, moderately permeable, well drained soils. 
156 
(d) Less than 25 percent of the area consists of less suitable 
soils which includes areas where size and shape of the area 
limit application of erosion control technology consistent 
with cropping sequence intensity of soil use potential 
class 1. 
Includes soils with com production potential of 6l to 80 bushels 
per acre per year. The areas classified in this class included; 
(a) Nearly level, slowly pen-neable, poorly drained soils. 
(b) Nearly level, moderately permeable, poorly drained calcar­
eous soils. 
(c) Depressional, slow to very slowly permeable, very poorly 
drained soils. 
(d) Level to gently sloping, moderately per.neable, well to poor­
ly drained soils, less than 36 inches to sand and gravel. 
(e) Gently sloping, moderately per::ieable, well drained soils vâth 
erosion control for 0000% feasible, 
(f) Soil areas excluded from soil use potential class 1 due to > 
25/^ less suitable soils. 
(g) Less than 25 percent of the area consists of less suitable 
soil areas which includes areas where size and shape of the 
area limit application of erosion control technology consis­
tent with cropping sequence intensity of soil use potential 
class 2. 
Includes soils with com production potential of 41 to 60 bushels 
per acre per year. The areas classified in this class included.: 
(a) Nearly level, slowly permeable soils. 
(b) Depressional, very slowly permeable, very poorly drained 
soils. 
(c) Drouthy, excessively drained soils. 
(d) Sloping, moderately to moderately slowly permeable, well 
drained soils vrith erosion control for CCGOM feasible. 
(e) Areas excluded from class 1 and class 2 due to ^ 25 percent 
less suitable soils, 
(f) Less than 25 percent of the area consists of less suitable 
soil areas including areas where size and shape of the area 
limit application of erosion control technology consistent 
[ 
with cropping sequence of soil use potential class 3» 
Includes soils with corn production potential of 20 to 40 bushels 
per acre per year. The areas classified in this class include; 
(a) Strongly sloping, moderately to moderately slowly permeable, 
well drained soils with erosion control for cropping sequence 
of COMi-î feasible. 
(b) Soil areas from soil use potential classes 1, 2 and 3 which 
do not meet the less suitable soil loss tolerance for classes 
of higher production potential. 
(c) Less than 25 percent of the area consists of less suitable 
soils. 
Includes soils with corn production potential of < 20 bushels per 
acre per year. The areas classified in this class include : 
(a) Sloping to strongly sloping, slowly to very slowly permeable, 
imperfectly to poorly drained soils vrith erosion control for 
a cropping sequence of COM feasible. 
(b) Soil areas from soil use potential classes 1, 2, 3 a.nd. 4 which 
do not meet less suitable soil tolerances for classes of 
higher potential. 
(c) Less than 25 percent of the area consists of less suitable 
soils. 
6. Includes areas suitable for permanent vegetation at the present 
level of technology. The areas classified in this class included: 
(a) Soils liith slopes greater than 14- percent in Adams County and 
15 percent in Humboldt County. 
(b) Severely eroded glacial till and paleosolic soils in Adams 
County. 
(c) Areas smaller than 10 acres in size which were isolated from 
areas of soil use potential classes 1, 2, 3. ^ or 5. 
(d) An}'- other areas not regarded as suitable for soil use poten­
tial class 1, 2, 3. 4 or 5. 
Soil mapping units ifere assigned to soil use potential classes as shov.Ti 
in table 27. In this first approximation, subdivisions of the soil use po­
tential classes were not considered. 
Estimated potential acreages based on the soil use potential classes 
were made for com, oats, meadow, permanent vegetation, and roads and mis­
cellaneous uses. The estimated acreages per quarter section and estimated 
county total acreages of the soil use potential classes are presented in 
table 22. Confidence intervals at the 95 percent probability level are also 
presented in table 28. The soil use potential classes 1-6 represent an ar­
ray with decreasing suitability for row crop production. 
In Adams County, the approximate percentage of the county area, exclu-
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Table 27. Soil mapping units included in soil use potential classes 
Soil use potential class 
1 2 2 it : i 
Adsnis County 
Br Cm C& AwD AaC AcE2 
Co CxB CfC C1D2 AaD2 AdD3 
JuA GrB CfC2 GaD2 AcC2 AmD3 
JuB JuC C1C2 HaC2 AcD ApD3 
MaA LaB LaC LaD AcD2 ApE2 
MaB Sp LaC2 LaD2 ApC2 Av 
Nn St OiuC SaD2 ApD Cn 
No VJb SaC ShD ApD2 GaE 
OiaB SaC2 ShD2 CcC GaE2 
SaB GcC2 Gap 
SaB2 CcD GbE3 








CaB Cu CaC2 CaD2 Ad 
Ca32 Gc CnC2 DkC2 CaE2 
CnB Ha DkA DkD2 HsF 
CtB He • DkB DtC2 LaD2 
Cr KkA DtA FaD2 LmD2 
Du KmB DtB StD2 LinE2 
Ga Mu FaB VM)2 LsE2 
Hu Mvr EaC2 LsF 
KoA Mz HdC2 SgB 
KdB Ok LmC2 StD2 
LraB Or StE2 











Table 28. Estimated acreages in soil use potential classes in Adams and Humboldt counties 
Soil use potential Acres County total& 95^ C. I. 
class per ^  section acres acres 
Adams County 
±13,700b 1 26.4 45,619.2 
2 8.2 14,169.6 ± 8,300b 
3 29.6 51,148.8 +14,700b 
4 31.2 53,913.6 +15,000b 
5 21.8 37,670.4 +13,000% 
6 38.6 66,700.8 +23,200 
Roads & Misc.c 2.9 5,011.2 + 1,100 
Adams County total 158.7 274,233.6 
Humboldt County 
+18,400% 1 68.6 118,540.8 
2 71.0 122,638.0 +19,400b 
3 11.0 19,008.0 + 9.900b 
2.0 3,456.0 ± 3,300 
5 0.0 0.0 
6 6.2 10,713.6 ± 5,500 
Roads & Misc.c 5.8 10,022.4 ± 7.300 
Humboldt County total 164.6 284,774.4 
^Based-on 1728 quarter sections per county. 
Estimated from relative standard error as suggested by Taylor (82). 
^Includes areas in roads, railroads, streams, quarries, etc. 
l6l 
sive of roads and miscellaneous, in soil use potential classes 1, 2 and 3 
are 1? percent, 5 percent and 19 percent respectively, or a total of 41 
percent. The remaining 59 percent is in soil use potential classes 4, 5 
and 6. In Humboldt County, the approximate acreage in soil use potential 
classes 1, 2 and 3 sre respectively 43 percent, 45 percent and ? percent, for 
a total of 95 percent. The remaining 5 percent includes the acreage in 
soil use potential classes 4, 5 &nd 6, 
The per acre and county corn production potential estimates for soil 
use potential classes of Adams and Humboldt counties are presented in table 
29. 
The com production potential in bushels per acre per year were 36.4 
and 74,8 for Adams and Humboldt counties respectively. The county com pro­
duction potential estimates ifere approximately 9i million and 19| million 
bushels per year for Adams and Hu;riboldt counties respectively. These esti­
mates are lower than those based on the soil groups or capability subclasses. 
Comparison of Methods of Estimating Com Production Potential 
Comparison of the three methods of estimating com production potential 
of an area are presented in table 30. The county corn production potentials 
are expressed in terms of bushels per acre per year. For ease of compari­
son, the estimate based on soil use potential classes ijas set equal to 100 
percent and the estimates based on land use capability subclasses and on 
soil groups were then expressed with respect to this estimate. 
Table 29. Estimated corn production potential based on soil uss potential classes 
Soil use potential Acres Bu/acjre/year Com production potential 
class 1000 bu/year 
Adams County 
1 4-5,619.2 85 3.877.6 
2 14,196.6 70 993.8 
3 51,148.8 50 2,557.4 
4 53,913.6 30 1,617.4 
5 37,670.4 10 376.7 
6 66,700.8 0 0.0 
Roads & Misc.®' 5,011.2 0 0.0 








Roads & Misc.2 10,022.4 










^Includes acres in roads, railroads, streams, quarries, etc. 
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Table 30. Comparisons of corn production potential estimates for Adams and 
Humboldt counties 






Soil use potential classes 









Soil use potential classes 








^Based on expanded quarter section sample data in each case. 
If one assumes that the soil use potential class is a more realistic 
estimate of the corn production potential of an area, the estimates based 
on land use capability subclasses and on soil groups over-estimate the corn 
production potential in each counly. In Adams County, the capability sub­
class estimate •was 158 percent and the estimate based on soil groups 147 per­
cent of the soil use potential estimate. In Humboldt County, the capability 
subclass and soil group estimates were 111 and 119 percent respectively. 
The "over-estimates" are a reflection of the extent that size and shape of 
soil mapping unit influence effective application of vertical technology. 
The effect of size and shape of soil group areas on cropping sequence 
suitability for selected soil groups is presented in table 3I. The soil 
groups selected are extensive soil groups in the respective counties. The 
Sharpsburg soil group, 2 to 5 percent slopes, is suitable for continuous 
Table 31. The effect of size and shape of area on cropping sequence suitability of selected soil groups 
Soil group Cropping^ 
sequence 
# of acreage suitable if size and shape are; 
not considered^ considered® 
Adams County 
Sharpsburg group, 2-5/^ slopes CCCC 100 39.8 
Sharpsburg groups, 5-9/^ slopes CCOM 100 53.6 
Colo-Gravity group, 2-5# slopes CCCC 100 2.3 
Humboldt County 
Clarion group, 2-5# slopes CCCC 100 53.6 
Nicollet group, 1-3# slopes CCCC 100 74.6 
Webster group, 0-2# slopes CCCC 100 87.5 
^Maximum intensity row crop sequence specified by soil profile characteristics. 
bSased on assumption that necessary erosion control technology can be applied. 
°Based on soil use potential classes. 
row crop production If only soil profile characteristics are considered. 
Hoi'jever, vjhen size and shape of area are considered, approximately 60 
percent of the acreage occupied by the group is not suitable for continuous 
row crop production. Area 20 in figure I3 on page 93 is an example of an 
area of the Sharpsourg group, 2 to 5 percent slopes that is not suitable for 
continuous row crops due to its irregular shape. With the Sharpsburg group, 
5 to 9 percent slopes, approximately 46 percent of the acreage is suitable 
for less intensive cropping sequences than profile characteristics wuld 
indicate. Alluvial complexes such as Colo-Gravity complex are extensive 
soil units in many southern Iowa counties. These soils have favorable soil 
profile characteristics and are suitable for intensive row crop production 
if only profile characteristics are considered. These soils occur as long, 
narrow, irregularly shaped areas between narrow streams and steep uplands 
or as narrow areas bordered on either side by steep uplands. Areas 5i 18, 
19. 20 and 21 in figui-e 13 on page io3 are examples. VJhen size and shape of 
area were considered, approsimately 2,5 percent of the Colo-Gravity group 
acreage in the Adams County sample was suitable for continuous com. 
The data frœi Humboldt County presented in table 3I illustrate the 
effect of size and shape of area not only on the soil group requiring the 
practice, but on associated soil groups as vzell. Soils in the Clarion group, 
2 to 5 percent slopes, are suited for continuous row crop production if ero­
sion control practice can be applied. In the Humboldt County sample, this 
was not possible on about 46 percent of the acreage of the Clarion group, 2 
to 5 percent slopes. The lack of suitability of the Clarion group, 2 to 3 
percent slopes, also resulted in a lack of suitability for soils of the 
Nicollet and Webster groups that are frequently intimately associated with 
/ 
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the Clarion group, 2 to 5 percent. 
The influence of soil patterns on soil use can be shoim ty a compari­
son of soils that occur on slopes of the same gradient but in different 
soil patterns, A comparison of the proportion of the acreage of a soil 
unit used for pasture vjith the proportion used for cropland would reflect 
the relative use suitability of the soil if one assumes that use in crop­
land would be more desirable for the soil user. Comparisons of the ratio 
of the acreage of selected soil units used for pasture to the acreage of 
the same units used for cropland are presented in table 32, 
/ 
The pasture to cropland acreage ratios for Sharpsburg silty clay loam 
on 2 to 5 percent slopes ranged from .01 to .13 in Adair, Adams and Taylor 
counties. The ratio for Clarion loam on 2 to 5 percent slopes in Humboldt, 
Pocahontas and Wright counties varied from .02 to .04. Most of the area 
occupied by these gently sloping soils was used as cropland although the 
Adams and Taylor ratios were higher than those for Humboldt, Pocahontas 
and Wright counties. 
The ratios for Sharpsburg silty clay loam, 5 to 9 percent slope, 
ranged from about ,1 to ,2 while those fbr Clarion loam were smaller than 
.1. The Sharpsburg soils on 5 to 9 percent slopes occur with and are fre­
quently dominated by more sloping soils while the Clarion soils on 5 to 9 
percent slopes more frequently occur with and are field-dominated by less 
sloping soils. 
The ratios for Colo-Gravity complex in Adair, Adams and Taylor counties 
varied from .58 to 1.53. Even though this soil unit is suitable for CCCC 
if vertical application of technology is assumed, relatively'- large propor­
tions are utilized for pasture. The ratios are in agreement with the low 
Table 32. Pasture to cropland acreage ratios for selected soils of the SheIby-Sharpsburg-Macksburg 
and Claiâon-Nicollet-Webster soil association areas® 
Soil unit ^ Slope Pasture to cropland acreage ratio for following counties 
class Adair Adams Taylor Humboldt Pocahontas Wright 
Sharpsburg 2 to 5# 1 .01 .05 .13 
silty clay 
5 to 9# j loam .09 .19 .22 — - — 
Clarion 2 to 5# I .04c .04 .02 
loam 5 to 9# 1 - - - .06 .08 
Colo-Gravity 
2 to 5# complex .58 1.46 1.58 
^Source: Unpublished data from quarter section sang)les of each county. 
^Pasture and cropland acreage as of 1955-1957 period. 
^Pasture land on Clarion loam, 5 to 9^ slopes did not occur in the Humboldt County sample. 
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proportion (2.3 percent) of the Colo-Gravity group, 2 to 5 percent slopes 
that is suitable for CGGC (table 31). 
Application of the Concept of Soil Use Potential Classes 
The use of the concept of soil use potential classes in analyzing the 
crop production potential of an area has been illustrated above. The con­
cept may be applied to related estimates as well. Crop and otlier soil use 
acreages per quarter section and per county are presented in table 33. 
Assuming that a soil user has resources that will permit the production of 
200 acres of com . (or other row crop per year), a question of interest 
might be what farm size, in terms of acres, does he need to produce 200 
acres of com in Adams or in Humboldt County? Based on the quarter section 
sample data presented in table 33. the fam size would be approximately 510 
acres in Adams County and 230 acres in Humboldt County. The average field 
size in Adams and Humboldt counties would be 48 and 112 acres respectively. 
The soil user's question might be realted to production in terms of 
bushels per year, for example, how large a farm is required to produce 
20,000 bushels of corn per year? This can be estimated from the crop acres 
per quarter section and the county corn production potentials in terms of 
bushels per acre per year as given in table 33. To produce 20,000 bushels 
of com per year in Adams County, approximately 750 acres would be required. 
In Humboldt County, approximately 3IO acres would be required. 
Com production of 200 acres per year or 20,000 bushels per year would 
likely involve large capacity equipment. Field size will influence the 
efficiency of operation of the large (4-8 row capacity planting and culti-
Table 33» Estimated crop and other soil use acres 
Crop or soil use Acres 
per f section 



























Adams County total 158.9 274,579.2 
Humboldt County 
Com 
Oats and meadow*^ 
Crop acres 
Permanent vegetation 
















Humboldt County total 164.7 284,601.6 
^Based on 1728 quarter sections. 
^Acres corn + acres oats + acres meadow. 
^Average field size = 48 acres. 
^9.1 acres oats & 1.7 acres meadow per quarter section 
®Average field size = 112 acres 
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vating equipment). The average "field" or crop area in the Adams County 
sample was 48 acres with 33 percent of the areas less than 20 acres in size; 
25 percent, 30 to 40 acres; 30.6 percent, 40 to 80 acres; and 11,4 percent 
larger than 80 acres. The fields in the Humboldt County sample averaged 112 
acres with 8,2 percent less than 20 acres; 8,2 percent, 20 to 40 acres; 12.2 
percent, 40 to 80 acres; and 71,4 percent larger than 80 acres. 
Production density estimates are frequently needed by films conducting 
market analysis in testing, developing, and marketing materials and ma­
chines for use in crop production such as fertilizers, herbicides, insecti­
cides and tillage equipment. Such estimates can be made in terms of acres 
as given above or in ternis of production per square mile, etc. The estimated 
com production potential per square mile is approxijtaately 17,200 bushels 
per year in Adams County and approximately 42,400 bushels per year in Hum­
boldt County. 
Discussions relating to feed grain production in recent years have in­
cluded the possibility of core areas of production of various crops in­
cluding com. These suggestions have generally centered around the assump­
tion of lower per unit costs in core production areas. The soil use poten­
tial class concept has application in analyzing the potential of an area such 
as a county with respect to core production. 
In figure 26, corn production potential is expressed as a percent on 
the ordinate and crop acres as a percent on the abscissa. If one assumes 
that per unit production costs increase fran soil use potential class 1 to 
soil use potential dass 2, etc,, figure 26 can serve as a corn production 
model for analyzing soil use adjustments that may be desirable from society's 






10 20 30 40 50 60 70 8ô RO 
Percent of crop acres 
1. Soil use potential class 1 
2. ooil use potential class 2 ^ 
3. Soil use potential class 3 
"4. Soil use potential class 4 
Figure 26. Com production potential model for Adams and Humboldt coun­
ties based on soil use potential classes. 
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limited to soils of soil use potential classes 1 and 2. Soil use potential 
classes 3, 4 and 5 would be considered sub-marginal for corn production. 
Approximately 30 percent of the Adams County crop acres and 90 percent of 
the Humboldt County crop acres would meet the requirements of the above 
assumptions. The percentage of each county's potential com production that 
would be realized if such assumptions held are approximately 50 percent and 
97 percent of Adams and Humboldt counties respectively. The "unused" propor­
tion of Adams County would amount to more than 70 percent of the crop acres 
as defined in this analysis. This represents a rather sizeable soil use 
^ adjustment problem. Potential adjustments and their implications such as 
those shown on figure 26 need to be considered by planning groups such as 
those charged with the responsibility of planning extension programs in Iowa 
counties. 
Evaluation of the concept of soil use potential classes 
The development of the concept of soil use potential classes and illus­
trations of its application provide evidence to support the remedial hypo­
theses guiding this study. The soil use potential classes utilized the 
soil groups which can be regarded as "success" elements in present methods 
of soil survey interpretation. The soil units within a soil group are 
reasonably homogeneous with respect to required inputs and expected crop 
yields. The concept of a soil as a three dimensional landscape unit was also 
utilized in the development of the soil use potential classes, and may be 
regarded as a success element in present soil survey methods. The detail 
and precision of mapping is a third success element that was utilized in the 
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syntiiesis of the soil use potential classes. 
A "natural" soil classification system is based on soil morphological 
and genetic considerations to a large extent. This provides an obstacle 
in the identification of soil properties important in soil use decisions. 
Soils are classified into relatively homogeneous classes in "natural" 
classification systems, but are utilized in landscapes that frequently in­
clude unlike soil mapping units as well. The concept of soil use potential 
classes served as a basis for classifying areas of space or soil patterns 
with respect to soil use potential. The classification of areas on the 
basis of soil patterns is a potential remedial measure that lies dormant in 
the present situation. 
The conceptual soil use potential classes are a first approximation 
and require additional refinement to remove limitations that they now in­
clude. Minimum size of area and heterogeneity of the classes are limita­
tions that may be overcome with additional refinement. 
In this study, a minimum size of 10 acres was assumed for differential 
treatment. The minimum size of area is likely to be larger than 10 acres if 
the requirements of equipment now available and likely to become available 
are adequately taken into account. This is especially true for crops such 
as com and soybeans. If soil use potential is determined for crops that 
are less suitable for large machine culture minimum field size may be 
smaller than 10 acres. 
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CONCLUSIONS 
The purpose of this study was to explore the problem of identifying 
feasible soil use alternatives as a basis for soil use decisions. The seg­
ment of the problem that was considered was the influence of size and shape 
of soil mapping unit in determining soil use potential. On the basis of 
the study, conclusions may be drawn with reference to soil use planning, 
limitations of the study, and implications for future research. 
Significance to Soil Use Planning 
Individuals and groups are concerned mth planning for soil resource 
use in order to aid in achievement of the goals of the individual or of the 
group. The planning process includes consideration of various soil use al­
ternatives and selection for use of those alternatives that are most likely 
to enhance achievement of the individual or group goals. The consideration 
and selection of soil use alternatives involves making soil use decisions. 
Soil use decisions 
Soil use planning activities in the United States have often been based 
on a goal of using each acre of soil according to its capabilities and needs.^ 
The capabilities and needs have been defined for individual soil mapping 
units on the basis of vertical technology. On the basis of this stucb'", the 
size and shape of individual areas of soil mapping units frequently preclude 
differential treatment of each individual area if modem large capacity equip-
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ment is used in crop production. Soil use decisions are made for areas of 
space that may (and often do) include a heterogeneous population of soil 
mapping units. Modification of the goal of using each acre of soil accord­
ing to its capability is frequently necessary. The individual or group 
planners may modify the goal to one of maintaining soil losses on erosion 
susceptible soils within soil loss tolerances. 
Soil loss tolerances 
liain te nance of soil losses within soil loss tolerances has been re­
garded as a goal of society with respect to soil resource use (5, 15» 48). 
In attempting to achieve this goal, soil use planners may base soil use de­
cisions on the erosion control requirements of erosive soils. Various crop­
ping sequence-erosion control practice combinations may be used to attain 
the minimum soil loss goal depending on the gDals of the individual or group, 
A goal of maximization of income through maximum row crop, production consis­
tent with soil loss tolerances was assumed for the erosion control model in 
this study. 
Spatial soil characteristics often limited the extent that erosion con­
trol practices could be applied to erosive soils with the erosion control 
model. Cropping sequences with row crop percentages lower than indicated 
by soil profile characteristics were required in order to achieve the soil 
loss tolerance goal. As shown by comparison of the erosion control and 
source-consequence models, maintaining soil losses within presently accepted 
soil loss tolerances (1 to 5 tons per acre per year for Iowa soils) may be 
accompanied by sacrifices in grain production on the part of an individual 
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soil user. The sacrifice in grain production will also represent loss in 
income if grain production is more profitable to the individual than for­
age production. Fields that have a soil population consisting of soils on 
2 to 5 percent and 0 to 2 percent slopes are especially subject to lower 
grain production and resulting lower income if soil loss tolerances are 
attainable only with cropping sequences that include meadow crops. 
Area analysis 
Spatial soil characteristics are important for consideration in indi­
vidual soil use decisions and also in appraising the potential of the soUT 
resources of an area. In appraising the soil resources, knowledge of the 
extent that technology can be applied may be as important as knowledge of the 
response of soil mapping units to vertical technology. 
The soil use potential class concept offers possibilities for more 
adequately appraising soil resources for area analysis. Horizontal aspects 
of the application of technology are considered in appraisal of the produc­
tion potential with application of the concept of soil use potential classes. 
Limitations of the Study 
This study has been concerned with the development of techniques that 
will permit quantitative expression of the spatial characteristics of soils. 
It is a first approximation to a solution of the problem and includes a num­
ber of limitations that indicate the need for further study. 
Spatial considerations in the study were based on the assumption that 
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future crop production systems will require large regularly shaped fields 
in order to accomodate large capacity fam equipment. An acceptable or 
tolerable degree of irregularity of fields needs to be approximated, A 
minimum size of area of 10 acres in the soil use potential classes may be 
smaller than desirable for efficient use of 4-row or larger equipment. 
Agronomic, engineering and economic aspects need to be considered in eval­
uating optimum size and shape of field for equipment of various sizes. 
The source-consequence concept as used in this study was limited to a, 
consideration of physical feasibility of application of erosion control 
technology. Source-consequence relationships exist for tillage, drainage, 
fertility and other considerations and these aspects of soil use alterna­
tives could be considered in a source-consequence model. Off-site as well 
as on-site source-consequence relationships need to be considered. 
Soil use decisions involve a consideration of economic and institutional 
as well as physical dimensions. Horizontal application of technology de­
pends not only on soil factors but on non-soil factors as well. A purpose 
of the use of space is to optimize output in relation to input applications 
over planning periods relevant to the individual and to society, 
A Re-examination of the Applied Function of Soil Classification 
The soil classification system used in the Soil Survey has long served 
dual functions relating to basic soil science (soil genesis) and application 
of technology in agriculture (51). The taxonomic system has provided units 
for use in classifying the soils of an area in the course of a soil survey 
of the area. The applied function has been carried out through interpretation 
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of soil maps and other material gathered in the field surveys and in re­
lated field and laboratoly studies. 
Soil survey interpretations have included analysis and synthesis (34). 
Analysis in soil survey includes the separation of a soil landscape into 
its component parts on a soil map and the determination of the profile char­
acteristics of each of the component parts or mapping units. Synthesis in 
soil survey interpretation has been described as a consideration of the 
"whole soil" and its behavior or response to management (technological) in­
puts (34). 
Analysis of soil landscapes and of soil profiles is important in in­
creasing understanding of a soil, its properties and genesis. Synthesis of 
this knowledge with information concerning the response to vertical technol­
ogy is also important and will continue to be important in relation to soil 
resource use. However, the applied function of serving as a basis for appli­
cation of technology in agriculture will be severely challenged if the syn­
thesis stops at this level. 
Analysis, in the form of a soil map, has served to "tear apart" the 
soils of a landscape or portion of a landscape such as a field or fam. 
Clarion loam, 2 to 5 percent slopes, Nicollet loam, and Webster silty clay 
loam may be the component parts of a soil landscape. In soil surveys these 
soils are separated on soil maps as different soil mapping units, different 
soil types, different soil series and different soil families. These soils 
are not "brought together" in groupings based on genetic and morphological 
considerations at a level useful in soil interpretation. 
The soil user uses a segment of space including a population of soils 
rather than the individual component parts. The user of soil survey inter­
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pretations may well question the usefulness of soil classification, as a 
basis for the application of technology in agriculture, if the interpréta­
tions are made for one soil mapping unit without consideration of associated 
soil mapping units. 
The diallenge for soil survey interpretation or for the applied func­
tion of soil classification is to more adequately synthesize the component 
parts of soil landscapes into segments of space that are meaningful to the 
soil user in relation to the soil use decisions he faces. Soil scientists 
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as well as scientists from other disciplines can make significant contribu­
tions in meeting this challenge. The degree the challenge is met will de­
termine how nearly soil survey interpretation attains the objective of 
identifying soil use alternatives in order to help people make more ration­
al soil use decisions. 
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smmx 
This study was designed to analyse quantitatively the effect of size 
and shape of soil mapping units in date mining soil use potential. Soil 
maps of quarter section samples from Adams, Breiiier, Humboldt and Montgomery 
counties were utilized in the initial stage of the analysis, and those from 
Adams and Humboldt in the other stages of the analysis. 
Soil maps were regarded as maps of possible soil use decisions in the 
initial stage of the analysis. One 80 rod transect from each of the 36 
quarter sections was used to determine the number and type of soil use de­
cisions associated with soil patterns of Adams, Bremer, Humboldt and Mont­
gomery counties. Each soil mapping unit boundary was regarded as a source 
of a possible soil use decision. The number of possible soil use decisions 
per transect were 4.2 in Adams, 4.8 in Bremer, 5.8 in Humboldt and 4.8 in 
Montgomery counties. 
In the second stage of the analj^sis, the. quarter section saiiç)les of 
Adams and Humboldt counties were used to characterize size and shape of 
soil mapping units. The size of individual soil mapping unit areas in Adams 
County varied from .5 acre to 72 acres, although more than 65 percent of the 
areas were 5 acres or less in size. In Humboldt County, the individual areas 
ranged from .5 acre to 77.5 acres with nearly 75 percent of the areas 3 acres 
or less in size. A shape index defined as the ratio of the acreage of a 
soil mapping unit area to the acreage of a circumscribed rectangle was util­
ized to characterize the shape of 5 extensive soil mapping units in each of 
the two counties. Mean shape index values ranged from .44 to .56 in Adams 
County and ,47 to ,62 in Humboldt County. 
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In the third stage, three conceptual soil use models \v-ere utilized in 
studying the effect of size and shape of soil mapping units on the suit­
ability of 20, 40, 80 and 160 acre fields for erosion control practice re­
quired for CCCC, CCCOx, CGCOM, G COM and COM cropping sequences. The ver­
tical technology model was based on the assumption that technology could be 
applied to each individual soil mapping unit area. The erosion control 
model was based on the assumption that erosion losses would be maintained 
within soil loss tolerances on soils subject to erosion. In the soil pattern 
model, soil use alternatives of non-erosive-and erosive soils were considered. 
The percentage of fields suitable for a given cropping sequence was 
highest for the vertical technology model, intemediate with the soil pat­
tern model, and lowest with the erosion control model. The proportion of 
suitable fields decreased as the row crop intensity increased and as field 
size increased. The proportion of suitable fields was higher in Humboldt 
County than in Adams County for each field size-cropping sequence-soil use 
model combination. 
In the final stage of the analysis, corn production potential estimates 
were prepared for Adams and Humboldt counties on the basis of soil groups, 
land use capability subclasses and conceptual soil use potential classes. 
The soil group and land use capability estimates were based on the assumption 
that technology could be applied to the soil group or subclass as needed. 
The.soil use potential classes were based on the feasibility of application 
of technology to areas of space as influenced by spatial soil characteristics 
of the area. 
The relative estimates were 100, based on the soil use potential 
classes, I5S based on land use capability subclasses, and 14? based on the 
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soil groups in Adams County. In Hura'ooldt County, the relative estimates 
were 100, 119 and 111 for the soil use potential class, land use capabil­
ity subclass and the soil group methods, respectively. 
Application of the concept of soil use potential classes -was illus­
trated in fam size analysis, production density estimates and in delineating 
core areas of production. 
On the basis of this study, it was concluded that size and shape are 
important soil characteristdcs and should be considered in determining the 
soil use potential of an area. 
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Table 3^, Location of quarter sections and transect samples 
Quarter section Transect 
number Legal description number 
Adams County 
1 Srô, Sec. 4, T73N, R35W 3-28° 
2 mh. Sec. 16, T73N, R35W 1-32° 
3 SE|, Sec. 25, T73N, R35W 1-6° 
4 NW|. Sec. 12, T73N, R34W 2-75° 
5 SWi, Sec. 16, T73N, R3W 1-77° 
6 S#, Sec. 36, T73N, R34W 2-53° 
7 Ni4-. Sec. 6, T73N, R33W 1-50° 
8 SW&, Sec. 18, T73N, R33W 2-0° 
9 SB|, Sec. 32, T73N. R33W 3-4° 
10 SV4, Sec. 8, T73N, R32W 2-41° 
11 SW^, Sec. 17, T73N, R32W 2-60° 
12 NBf-, Sec. 33, T73N. R32W 2-39° 
13 SW|, Sec. 8, T72N, R35W 3-74° 
14 SBf, Sec. 13, T72N, R35W 2-65° 
15 NE|, Sec. 30, T72N, R35W 4-36° 
16 N#, Sec. 6, I72N, R34W 2-6° 
17 S#, Sec. 22, T72N, R34W 1-24° 
18 SWI, Sec. 32, T72N, R34W 3-61° 
19 SEi, Sec. 2, T72N, R33W 2-51° 
20 m|., Sec. 21, T72i}, R33W 2-36° 
21 KBi, Sec. 25, T72N, R33W 3-79° 
22 NEI, Sec. 4, T72N, R32W 4-82° 
23 Sec. 16, T72N, R32W 2-69° 
24 SBf, Sec. 31, T72N, R32W 3-84° 
25 Sec. 11, T71N, R35W 3-47° 
26 Sec. 14, T71N, R35W 1-77° 
27 . NBi, Sec. 29, T71N, R35W 1-42° 
28 SEi, Sec. 12, T71N, R34W 4-66° 
29 SEi, Sec. 24, T71N, R34W 1-1° 
30 SE$, Sec. 30, T71N, R34W 4-5° 
31 S#, Sec. 5, T71N, R33W 1-70° 
32 SE4, Sec. 13, T71N, R33W 3-74° 
33 SeI, Sec. 28, T71N, R33W 4-69° 
34 N#, Sec. 9, T71N, R32W 2-84° 
35 SEi, Sec. 19, T71N, R32W 3-23° 
36 SE$, Sec. 29, T71N, R32W ,1-57° 
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Table 3^. (Continued) 
Quarter section Transect 
number Legal description number 
Bremer County 
1 Sec. 12, T91N, RllW 1-59° 
2 SW|. Sec. 13, T91N, RllW 
3 N#, Sec. 33. T91N, RllW 3-13° 
4 SW|, Sec. 11, T92N, RllW 4-60° 
5 SWt, Sec. 20, T92N, RllW 4-1?° 
6 SE4, Sec. 27, T92N, RllW 4-21° 
7 N#, Sec. 1, T93N, RllW 4-17° 
8 N#, Sec. 16, T93N, RllW 3-16° 
9 SW|, Sec. 32, T93N, RllW 1-3° 
10 NB$, Sec. 12, T91N, R12W 3-79° 
11 SW&, Sec. 13, T91N, R12W 3-24° 
12 SEI, Sec. 28, T91N, R12W 1-73° 
13 Dm, Sec. 11, T92N, R12W 3-3° 
14 NEf, Sec. 19, T92N, R12W 4-13° 
15 SEi, Sec. 30, T92N, R12W 3-77° 
16 NEt, Sec. 1, I93N, R12W 1-19° 
17 N#, Sec. 18, T93N, R12W 2-46° 
18 NV&, Sec. 29, T93N, R12W 4-60° 
19 Sm, Sec. 10, T91N, R13W 4-6° 
20 Sv4, Sec. 18, T91N, R13W 1-34° 
21 SB&, Sec. 35, T91N, R13W 4-44° 
22 SW|, Sec. 1, T92N, R13W 2-86° 
23 NE*, Sec. 23, T92N, R13W 1-17° 
24 SEi, Sec. 31. T92N, R13W 1-I6° 
25 NV^, Sec. 12, T93N, R13U' 4-52° 
26 Sec. 15, T93N, R13W 3-23° 
27 SE4, Sec. 32, T93W, R13W 2-10° 
28 SE^, Sec. 9, T91N, Rl4w 1-38° 
29 NW^, Sec. 14, T91N, R14W 4-88° 
30 NE|, Sec. 35, T91N, R14W 1-44° 
31 SEi, Sec. 1, T92N, R14W 2-3° 
32 NEf, Sec. 21, T92N, R14W 1-29° 
33 SBt, Sec. 30, T92N, R14W 1-81° 
34 Sl4, Sec. 1, T93N, R14w 2-55° 
35 SW^, Sec. 13, T93N, R14w 1-31° 
36 N^, Sec. 25, T93N, Rl4w 2-25° 
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Table 34. (Continued) 
Quarter section Transect 
number Legal description number 
Humboldt County 
1 S#, Sec. 1, T93N, R3OW 2-42° 
2 mé. Sec. 14, T93N. R3OW 2-49° 
3 SBf-. Sec. 26, T93N, R3OW 2-46° 
4 S#, Sec. 11, T93W, R29W 1-4?° 
5 SWt. Sec. 14, T93N. R29W 1-66° 
6 SEi, Sec. 32, T93N, R29W 4-21° 
7 NBè, Sec. 1, T93N, R28W 4-46° 
8 SÂ, Sec. 14, T93W, R28W 1-18° 
9 Mf, Sec. 26, T93N, R28W 1-30° 
10 NEt, Sec. 3. T93N, R27W 1-4° 
11 NEi, Sec. 15, T93N, R27W 1-51° 
12 N#, Sec. 25, T93N, R27W 2-51° 
13 mi. Sec. 2, T92N,'R30W 2-8° 
14 NE|-. Sec. 15, T92N, R3OW 1-86° 
15 SW^, Sec. 35, T92N, R3OW 1-16° 
16 SVé, Sec. 3, T92N, R29W 4-0° 
17 ml. Sec. 14, T92N. R29W 2-38° 
18 SBf, Sec. 29, T92N, R29W 2-24° 
19 ml. Sec. 2, T92N, R28W 4-24° 
20 NE|, Sec. 14, T92N, R28W 3-lf 
21 Swi, Sec. 25, T92N, R28W 4-37° 
22 NBf, Sec. 2, T92H, R27W 2-33° 
23 SW|, Sec. 14, T92N, R27W 2-41° 
24 SEf, Sec. 25, T92N, R27W 4-29° 
25 1#, Sec. 1, T91N, R3OW 4-63° 
26 NBi, Sec. 14, T91N, R3OW 3-76° 
27 NB|, Sec. 25, T91N, R3OW 1-81° 
28 NV^, Sec. 2, T91N, R29W 4-46° 
29 S%, Sec. 14, T91N, R29W 2-42° 
30 NE|, Sec. 25, T91N, R29W 3-22° 
31 NW^, Sec. 2, T91N, R28W 4-25° 
32 li#, Sec. 13, T91N, R28W 4-24° 
33 HE|. Sec. 27, T91N, R28W 1-48° 
34 NB|, Sec. 2, T91N, R27W 1-63° 
35 SWi, Sec. 13, T91N, R27W 3-18° 
36 NWi, Sec. 26, T91N, R27W 2-12° 
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Table 34. (Continued) 
Quarter section Transect 
number Legal description number 
Montgomery County 
1 SEl, Sec. 5, T71N, R36W 1-66° 
2 N%, Sec. 14, T71N, R36W 3-9° 
3 SW|, Sec. 26, T71N, R36W 2-66° 
4 SWf, Sec. 5 ,  T72N, R36w 3-#° 
5 sw|. Sec. 16, T72N, R36W 1-6° 
6 SEi. Sec. 29, T72N, R36W 1-44° 
7 NWl, Sec. 7, T73K, R36w 4-60° 
8 SE|, Sec. 22, T73N, R36W 2-67° 
9 SWt, Sec. 31, T73N, R36W 4-45° 
10 SB$, Sec. 4, T71N, R37W 2-4° 
11 NEf, Sec. 17, T71N, R37W 3-2f 
12 Nwf, Sec. 31. T71N, R37W 4-85^ 
13 SBt, Sec. 12, T72N, R37W 4-^ 
14 NEi, Sec. 13, T72N, R37W 1-8° 
15 SBi, Sec. 35, T72N, R37W 1-15° 
16 SEf, Sec. 3. T73N, R37W 3-19° 
17 SEf, Sec. 15, T73N, R37W 3-32° 
18 SEt, Sec. 27. T73N, R37W 3-65° 
19 1^4, Sec. 5, T71N, R38W 3-53° 
20 I®|, Sec. 20, T71N, R38W 2-15° 
21 NEf, Sec. 28, T71N, R38W 3-51° 
22 Sv4. Sec. 4, T72N, R38W 4-17° 
23 NI4, Sec. 22, T72N. R38W 4-57° 
24 me, Sec. 29, T72N, R38W 1-64° 
25 NW|. Sec. 4, T73N, R38W 2-14° 
26 SB$, Sec. 20, T73N, R38W 2-2° 
27 SW|, Sec. 26, T73N, R38W 1-73° 
28 SEi, Sec. 7, T?1N, R39W 4-55° 
29 NW|, Sec. 21, T71N, R39W 1-50° 
30 SB$, Sec. 28, T71N, R39W 1-70° 
31 SW^, Sec. 11, T72N, R39W 2-79° 
32 SEi, Sec. 18, T72N, R39W 4-58° 
33 NEi, Sec. 36, T72N, R39W 2-59° 
34 NW&, Sec. 6, T73N, R39W 2-85° 
35 Sfii, Sec. 23. T73N, R39W 3-34° 
36 NEi, Sec. 29, T73N. R39W 4-78° 
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Table 35. Symbols for soil use decision diagrams 
Symbol Soil characteristic 
Soil mapping unit boundary 
- A — 0-2# slopes 
. B —- 2-5# slopes 
. C — 5-9# slopes 
. D 9-14# slopes 
. E — 14-18# slopes 
. F — 18-25# slopes 
. G — 25# slopes 
. a — Alluvial parent material 
- p —- Paleosol parent material 
- t — Glacial till parent material 
.XX — Sandy parent material 
- P — Organic soil 
....— Inadequate natural drainage 
. X — Sand and gravel at 36" 
-XXX— Bedrock at 36" 
- 0 Depression 
_ca —- Calcareous surface soil 
River 
xxxxxxxxx Lime quarry, etc. 
80 rods 
1 36. Quarter section number 
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Figure 27. Soil use decision diagrams - Adams County 
Figure 27. (Continued) 
Figure 27. (Continued) 
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Figure 28, Soil use decision diagrams - Bremer County 
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Figure 28. (Continued) 
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Figure 28. (Continued) 
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Figure 29. Soil use decision diagrams - Humboldt County 
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Figure 29. (Continued) 
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Figure 29. (Continued) 
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Figure 30. Soil use decision diagrams - Montgomery County 
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Figure 30, (Continued) 
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Figure 30. (Continued) 
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Table 36, Identification of soil mapping unit symbols for Adams County 
Symbol Soil mapping unit Symbol Soil mapping unit 
AaC Adair clay loam, 5 to 9 per- CcD 
cent slopes 
AaD2 Adair clay loam, 9 to 14 CcD2 
percent slopes, moderately 
eroded 
AcC2 Adair clay loam, thin solum, CfC 
5 to 9 percent slopes, mod­
erately eroded CfC2 
AcD Adair clay loam, thin solum, 
9 to 14 percent slopes 
AcD2 Adair clay loam, thin solum, C1C2 
9 to 14 percent slopes, mod­
erately eroded C1D2 
AcE2 Adair clay loam, thin solum, 
14 to 18 percent slopes, Cka 
moderately eroded Cn 
AdD3 Adair soils, 9 to 14 percent Co 
slopes, severely eroded 
AmD3 Adair soils, thin solums, 9 GxB 
to 14 percent slopes, severe­
ly eroded GaD2 
ApG2 Adair-Shelby complex, 5 to 9 
percent slopes, moderately GaE 
eroded 
ApD Adair-Shelby complex, 9 to GaE2 
14 percent slopes 
ApD2 Adair-Shelby complex, 9 to GaF 
14 percent slopes, moder­
ately eroded GbE3 
ApD3 Adair-Shelby complex, 9 to 
14 percent slopes, severely GrB 
eroded 
ApE2 Adair-Shelby complex, 14 to Gu . 
18 percent slopes, moderately HaC2 
eroded 
Av Alluvial land 
AwD Arbor loam, 9 to 14 percent JuA 
slopes 
Br Bremer silty clay loam JuB 
Ca Chariton silt loam 
CcC Clarinda silty clay loam, 5 JuC 
to 9 percent slopes 
CcC2 Clarinda silty clay loam, 5 LaB 
to 9 percent slopes, moder­
ately eroded LaC 
Clarinda silty clay loam, 9 to 
14 percent slopes 
Clarinda silty clay loam, 9 to 
14 percent slopes, moderately 
eroded 
Clearfield silty clay loam, 5 
to 9 percent slopes 
Clearfield silty clay loam, 5 
to 9 percent slopes, moderately 
eroded 
Clinton silt loam, 5 to 9 per­
cent slopes, moderately eroded 
Clinton silt loam, 9 to 14 per­
cent slopes, moderately eroded 
Colo silty clay loam 
Colo silty clay loam, channeled 
Colo silty clay loam, over-
washed 
Colo-Gravity complex, 2 to 5 
percent slopes 
Gara loam, 9 to 14 percent 
slopes, moderately eroded 
Gara loam, 14 to 18 percent 
slopes 
Gara loam, 14 to 18 percent 
slopes, moderately eroded 
Gara loam, 18 to 25 percent 
slopes 
Gara soils, 14 to 18 percent 
slopes, severely eroded 
Gravity silty clay loam, 2 to 
5 percent slopes 
Gullied land 
Hagener loamy fine sand, 5 to 
9 percent slopes, moderately 
eroded 
Judson silt loam, 0 to 2 per­
cent slopes 
Judson silt loam, 2 to 5 per­
cent slopes 
Judson silt loam, 5 to 9 per­
cent slopes 
Ladoga silt loam, 2 to 5 per­
cent slopes 
Ladoga silt loam, 5 to 9 per­
cent slopes 
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Table 36. (Continued) 
Symbol Soil mapping unit Symbol Soil mapping unit 
LaC2 Ladoga silt loam, 5 to 9 
percent slopes, moderately 
eroded 
LaD Ladoga silt loam, 9 to 14 
percent slopes 
LaD2 Ladoga silt loam, 9 to 14 
percent slopes, moderately 
eroded 
MaA Macksburg silty clay loam, 
0 to 2 percent slopes 
MaB Macksburg silty clay loam, 
2 to 5 percent slopes 
Nn Nevin silt loam 
No Nodaway silt loam 
Nw Nodaway silt loam, channeled 
OmB Olmitz loam, 2 to 5 percent 
slopes 
OmC Olmitz loam, 5 to 9 percent 
slopes 
SaB Sharpsburg silty clay loam, 
2 to 5 percent slopes 
SaB2 Sharpsburg silty clay loam, 
2 to 5 percent slopes, mod­
erately eroded 
SaC Sharpsburg silty clay loam, 
5 to 9 percent slopes 
SaC2 Sharpsburg silty day loam, 
5 to 9 percent slopes, 
moderately eroded 
SaD2 Sharpsburg silty clay loam, 
9 to 14 percent slopes, 
moderately eroded 
SbA Sharpsburg silty clay loam, 
benches,.0 to 2 percent 
slopes 
SbB Sharpsburg silty clay loam, 
2 to 5 percent slopes 
ShD Shelby loam, 9 to 14 percent 
slopes 
ShD2 Shelby loam, 9 to 14 percent 
slopes, moderately eroded 
ShE Shelby loam, 14 to 18 percent 
slopes 
ShE2 Shelby loam, 14 to 18 percent 









Shelby loam, 18 to 25 percent 
slopes 
Shelby soils, 9 to 14 percent 
slopes, severely eroded 
Shelby soils, 14 to 18 percent 
slopes, severely eroded 
Sperry silt loam 
Sperry silt loam, benches 
Wabash silty clay 
Wabash silty day loam 
Winterset silty clay loam 
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Table 37« Identification of soil mapping unit symbols for Humboldt County 
Symbol Soil mapping unit Symbol Soil mapping unit 
Ad Alluvial land 
CaB Clarion loam, 2 to 5 percent 
slopes 
CaB2 Clarion loam, 2 to 5 percent 
slopes, moderately eroded 
CaC2 Clarion loam, 5 to 9 percent 
slopes, moderately eroded 
CaD2 Clarion loam, 9 to 15 percent 
slopes, moderately eroded 
CaE2 Clarion loam, 15 to 20 per­
cent slopes, moderately 
eroded 
CnB Clarion loam, thin solum, 2 
to 5 percent slopes 
CnC2 Clarion loam, thin solum, 5 
to 9 percent slopes, moder­
ately eroded 
Cr Colo silty clay loam 
CtB Colo-Terril complex, 1 to 5 
percent slopes 
Cu Cullo silty day loam 
DkA Dickinson fine sandy loam, 0 
to 2 percent slopes 
DkB Dickinson fine sandy loam, 2 
to 5 percent slopes 
DkC2 Dickinson fine sandy loam, 5 
to 9 percent slopes, moder­
ately eroded 
ncD2 Dickinson fine sandy loam, 9 
to 15 percent slopes, moder­
ately eroded 
DtA Dickinson sandy loam, bench 
position, 0 to 2 percent 
slopes 
DtB Dickinson sandy loam, bench 
position, 2 to 5 percent 
slopes 
DtC2 Dickinson sandy loam, bench 
position, 5 to 9 percent 
slopes, moderately eroded 
Du Dundas silty clay loam 
FaB Farrar fine sandy loam, 2 to 
5 percent slopes 
FaC2 Farrar fine sandy loam, 5 to 
9 percent slopes, moderately 
eroded 
FaD2 Farrar fine sandy loam, 9 to 
15 percent slopes, moderately 
eroded 
Ga Garmore silt loam 
Gc Glencoe silty clay loam 
Ha Harpster loam 
He Harpster silt loam 
HdD2 Hayden loam, 9 to 15 percent 
slopes, moderately eroded 
HsF Hayden soils, 20 to 50 percent 
slopes 
Hu Huntsville silt loam 
KdA. Kato loam, deep over sand and 
gravel, 0 to 2 percent slopes 
KdB Kato loam, deep over sand and 
gravel, 2 to 5 percent slopes 
KmA Kato loam, moderately deep 
over sand and gravel, 0 to 2 
percent slopes 
KmB Kato loam, moderately deep 
over sand and gravel, 2 to 5 
percent slopes 
LaD2 Lakeville gravelly loam, 9 to 
15 percent slopes, moderately 
eroded 
LraB Lester loam, 2 to 5 percent 
slopes 
LmC2 Lester loam, 5 to 9 percent 
slopes, moderately eroded 
LmD2 Lester loam, 9 to 15 percent 
slopes, moderately eroded 
LmE2 Lester.loam, 15 to 20 percent 
slopes, moderately eroded 
LsF Lester soils, 20 to 3O percent 
slopes 
Lu LeSueur loam 
Md Marshan silty clay loam, deep 
over sand and gravel 
#1 Marshan silty clay loam, mod­
erately deep over sand and 
gravel 
Mu Muck, moderately shallow 
Mw Muck, shallow 
My Mucky peat, moderately shallow 
Nc Nicollet loam 
Ok Okoboji silt loam 
Table 37, (Continued) 
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Symbol Soil mapping unit 
Op Okoboji silt loam, imperfect­
ly drained variant 
Or Orio fine sandy loam 
Pv Plattville loam 
Ro Rolfe loam 
SgB Sogn loam, 2 to 5 percent 
slopes 
StD2 Storden loam, 9 to 15 percent 
slopes, moderately eroded 
StE2 Storden loam, 15 to 20 percent 
slopes, moderately eroded 
StF3 Storden loam, 20 to JO percent 
slopes, severely eroded 
TeA Terril loam, 0 to 2 percent 
slopes 
TeB Terril loam, 2 to 5 percent 
slopes 
Wc Wacousta silt loam 
WdA Waukegan loam, deep over sand 
and gravel, 0 to 2 percent 
slopes 
WdB Waukegan loam, deep over sand 
and gravel, 2 to 5 percent 
slopes 
VftnA Waukegan loam, moderately deep 
over sand and gravel, 0 to 2 
percent slopes 
VfeB Waukegan loam, moderately deep 
over sand and gravel, 2 to 5 
percent slopes 
WmD2 Waukegan loam, moderately deep 
over sand and gravel, 9 to 15 
percent slopes, moderately 
eroded 
Wy Webster silty clay loam 
Wz Webster silty clay loam, cal­
careous variant 
Table 38. Estimated per acre yields for alternate cropping sequences for soil units of Adams CJounty, 
lowa^ 
Cropping^ Unit Soil mapping unit: 















c bu. 50 40 55 52 46 - 59 56 51 
0 Il 37 30 41 39 29 44 42 38 
M tons 2.0 1.6 2.2 2.1 1.5 2.4 2.0 1.8 
M II 2.0 1.6 2.2 2.1 1.5 2.4 2.0 1.8 
M II 1.4 1.2 1.5 1.5 1,0 — — 1.7 1.4 1.3 
^Assumes lime and fertilizer, drainage, erosion control, weed and insect control, tillage, plant 
population, etc. are at optimum levels. 
t>c = corn, 0 = oats, x = green manure, M - Meadow. 
Table 38. (Continued) 
Cropping Unit Soil mapping unit: 
sequence ApE2 Av AwD Br Ça 
C bu 85 57 
C " — — — . 89 59 
C " 88 58 
C '' — — 87 57 
Ox " — — — 67 45 
C — — — 90 60 
C " — — — 88 58 
C " — — — 87 57 
0 " — — — 67 45 
M tons — — — 3.6 2.4 
C bu. — — — 90 60 
C " — — 88 58 
0 " — — — 67 45 
M tons — — — 3.6 2.4 
G bu. — — 65 90 60 
0 " 49 67 45 
M tons -- — 2.6 3.6 2.4 
M " — — 2.6 3.6 2.4 
M " — — 1.8 2.5 1.7 
CcC CcC2 CcD CcD2 CfC CfC2 C1G2 C1D2 
45 39 34 29 
34 30 25 22 
1.8 1.6 1.4 1.2 
1.8 1.6 1.4 1.2 
1.3 1.1 1.0 .8 
70 67 64 — 
68 65 62 
67 64 60 
53 50 46 
2.8 2.7 2.5 
70 67 64 
68 65 62 — 
53 50 46 — 
2.8 2.7 2.5 
70 67 64 61 
53 50 46 42 
2.8 2.7 2.5 2.3 
2.8 2.7 2.5 2.3 
2.0 1.9 1.8 1.6 
Table 38. (Continued) 
Cropping Unit Soil mapping unit: 
sequence CkdB 
c bu. 80 82 76 
G Il 84 86 79 
C II 83 - 85 78 
C II 82 84 77 
II 64 66 60 
C II 85 87 80 
C II 83 -- 85 78 
C II 82 84 77 
0 II 64 66 60 
M tons 3»2 — 3.2 3:2 
C bu. 85 87 80 
C Il 83 - 85 78 
0 II 64 66 60 
M tons 3«2 3.5 3.2 
C bu. 85 87 80 
0 » 64 66 60 
M tons 3.2 - 3.5 3.2 
M II 3.2 3.5 3.2 
M II 2.2 - 2.4 2.2 
GaD2 GaE GaE2 GaF GbE3 GrB Gu %G2 JuA 
71 — 90 
74 94 
73 93 
72 —— 92 
— - 71 
75 45 95 
73 44 93 
73 43 92 
34 71 
— — 3.0 — 1.8 3.8 
75 45 95 
- 73 44 93 
34 71 
3.0 — 1.8 3.8 
45 75 45 95 
34 34 71 
1.8 3.0 — 1.8 3.8 
1.8 3.0 — 1.8 3.8 
1.3 1.3 2.7 
Table 38. (Continued) 
Cropping Unit Soil mapping unit; 
sequence JuC LaB LaC LaC2 
C bu. 89 — 80 
C " 93 — 83 
C " 92 — 82 — . — 
C  " 9 1  —  8 1  
Ox " 70 — 60 
C " 94- 91 84 79 75 
C " 92 89 82 77 73 
C " 91 88 81 75 72 
0 " 70 68 60 57 55 
M tons 3.8 3.7 3.2 3.0 3.0 
C bu. 94 91 84 79 75 
C " 92 89 82 77 73 
0 " 70 68 60 57 55 
M tons 3.8 3.7 3.2 3.0 3.0 
C . bu. 94 91 84 79 75 
0 " 70 68 60 57 55 
M tons 3.8 3.7 3.2 3.0 3.0 
M " 3.8 3.7 3.2 3.0 3.0 
M " 2.7 2.6 2.2 2.1 2.1 
LaD LaD2 MaA MaB Nn No Nw OmB OmC 
— — 
90 85 88 83 -- 85 — 
94 89 92 87 89 
93 88 91 86 88 
92 87 90 85 - 87 - -
72 67 70 66 67 
95 90 93 88 90 85 
— 
— 93 88 91 86 88 83 
— 92 87 90 85 87 82 
— — 72 67 70 66 67 64 
— 
— —  3.7 3.8 3.8 3.5 -. 3.8 3.4 
95 90 93 88 90 85 
— 93 88 91 86 88 83 
— 
— 72 67 70 66 67 64 
— 3.7 3.8 3.8 3.5 -. ;L8 3.4 
70 65 95 90 93 88 90 85 
50 43 72 67 70 66 67 64 
2.7 2.5 3.7 3.8 3.8 3.5 -. ;L8 3.4 
2.7 2.5 3.7 3.8 3.8 3.5 -. 3.8 3.4 
1.9 1.7 2.6 2.7 2.7 2.4 2.7 2.4 
o\ 
Table 38. (Continued) 
Cropping Unit Soil mapping unit; 
sequence gaB SaB2 SaC SaC2 SaD2 SbA 
c bu. 85 83 90 
c Il 89 87 94 
c II 88 86 93 
c II 87 85 92 II 67 66 72 
c II 90 88 85 82 95 
c - Il 88 86 83 80 — —  93 
c II 87 85 82 79 — 92 
0 II 67 66 64 62 — 72 
M tons 3.8 3.5 3.5 3.4 — 3.8 
c bu. 90 88 85 82 95 
c Il 88 86 83 80 —  —  93 
0 II 67 66 64 62 — —  72 
M tons 3.8 3.5 3.5 3.4 — 3.8 
c bu. 90 88 85 82 77 95 
0 Il 67 66 64 62 58 , 73 
M tons 3.8 3.5 3.5 3.4 2.8 3.8 
M II 3.8 3.5 3.5 3.4 2.8 3.8 
M II 2.7 2.4 2.4 2.4 2.0 2.7 



























Table 38. (Continued) 
Cropping Unit Soil mapping unit; 
sequence SoE3 Sp St Wa Wb Wr 
c bu. 65 65 52 71 86 
c » 69 69 55 74 90 
c II 68 68 54 73 89 
c Il __ 67 67 54 72 88 
Ox Il __ 53 53 41 56 68 
c II 70 70 55 75 91 
c II 68 68 54 73 89 
G " 67 67 54. 72 88 
0 H 53 53 41 56 68 
M tons 2.4 2.4 2.0 2.8 3.8 
G bu. 70 70 55 75 91 
c Il 68 68 54 73 89 
0 II 53 53 41 56 68 
M tons 2.4 2.4 2.0 2.8 3.8 
G bu. —— 70 70 55 75 91 
0 Il __ 53 53 41 56 68 
M tons 2.4 2.4 2.0 2.8 3.8 
M II 2.4 2.4 2.0 2.8 3.8 
M Il __ 1.7 1.7 1.4 2.0 2.7 
ë 
Table 39. Estimated per acre yields for alternate cropping sequences for soil units of Humboldt 
County, lowa^ 
Cropping IMit Soil mapping unit: 
sequence^ -, _ ^ 
Ad ÇaB CaB2 CaC2 CaD2 CaE2 CnB CnC2 Cr GtB Cu DkA DkB 
G bu. — 86 83 81 — 86 86 71 65 62 
C Il 89 87 84 89 89 74 67 64 
C II — 88 86 83 — — 88 88 73 66 63 
C II 87 85 82 — 87 87 72 65 62 
Ox II — 68 67 63 68 68 56 51 48 
c II 90 88 85 — 85 80 90 90 75 68 65 
G II — 88 86 83 « — 84 78 88 88 73 66 63 
G II 87 85 82 M = 82 77 87 87 72 65 62 
0 II — 68 67 63 — —' 63 60 68 68 56 51 48 
M tons — 3.6 3.5 3.4 - - — 3.4 3.2 3.2 3.5 3.0 2.7 2.6 
G bu. 90 88 85 85 80 90 90 75 68 65 
G Il — 88 86 83 83 78 88 88 73 66 63 
0 II — 68 67 63 — —. 63 60 68 68 56 51 48 
M tons — 3.6 3.5 3.4 - - — 3.4 3.2 3.2 3.5 3.0 2.7 2.6 
G bu. — 90 88 85 78 — 85 80 90 90 75 68 65 
0 Il — 68 67 63 57 63 60 68 68 56 51 48 
M tons — 3.6 3.5 3.4 3.1 3.4 3.2 3.2 3.5 3.0 2.7 2.6 
M II — 3.6 3.5 3.4 3.1 -- 3.4 3.2 3.2 3.5 3.0 2.7 2.6 
^Assumes lime and fertilizer, drainage, erosion control, weed and insect control, tillage, plant 
population, etc. are at optimum levels, 
be = com, 0 = oats, x = green manure, M = meadow. 
Table J). ( Continued) 
Cropping Unit Soil mapping unit: 




61 57 — 
c Il 63 59 
c II — — « 62 58 --
c II — " — 61 57 — 
Ox II — 48 45 — 
c II 60 64 60 55 
c II 58 62 58 53 
c II 57 — — 61 57 52 
0 II 45 — — 48 45 41 
M tons 2.4 2.5 2.4 2.2 
c bu. 60 64 60 55 
c Il 58 — 62 58 53 
0 II 45 48 45 41 
M tons 2.4 2.5 2.4 2.2 
c bu. 60 50 64 60 55 
0 II 45 37 48 45 41 
M tons 2.4 2.0 2.5 2.4 2.2 
m II 2.4 2.0 2.5 2.4 2.2 
Du FaB FaC2 FaD2 Ga Go Ha Hc 
78 66 — — 90 76 76 81 
81 69 94 79 79 84 
80 68 — —  —  93 78 78 83 
79 67 — 92 77 77 82 
62 53 — 71 57 60 63 
82 70 65 95 80 80 85 
80 68 63 — —  93 78 78 83 
79 67 62 92 77 77 82 
62 53 50 71 57 60 63 
3.4 2.8 2.8 — 3.8 2.8 3.2 3.4 
82 70 65 95 80 80 85 
80 68 63 — 93 78 78 83 
62 53 50 — 71 57 60 63 
3.4 2.8 2.8 
— 
3.8 2.8 3.2 3.4 
82 70 65 50 95 80 80 85 
62 53 50 37 71 57 60 63 
3.4 2.8 2.8 2.2 3.8 2.8 3.2 3.4 
3.4 2.8 2.8 2.2 3.8 2.8 3.2 3.4 
Table 39. (Continued) 
Cropping Unit Soil mapping unit: 
HdD2 . HSF HU_ KdA KdB KmA 
c bu. — —  90 86 84. 81 
c Il 94 89 86 84 
c II mm — 
— 93 88 85 83 
c II 92 87 84 82 
Ox II - - 71 68 65 63 
c II 95 90 87 85 
c II M «• 93 88 85 83 
c II M M 92 87 84 82 
0 II — — 71 68 65 63 
M tons 
— 
3.8 3.6 3.6 3.2 
c bu. 95 90 87 85 
c Il m^ «M 93 88 85 83 
0 " «V * 71 68 65 63 
M tons 3.8 3.6 3.6 3.2 
c bu. 72 95 90 87 85 
0 Il 5^ 71 68 65 63 
M tons 3.0 3.8 3.6 3.6 3.2 
M II 3.0 — 3.8 3.6 3.6 3.2 






82 87 82 
80 85 80 
79 84 79 
61 65 61 
3.0 — 3.5 3.3 
82 87 82 
80 85 80 
61 65 61 
3.0 - 3.5 3.3 
82 87 82 7 4 — —— 
6l 65 61 55 — — 
3.0 — 3.5 3.3 3.0 -- --
3.0 - 3.5 3.3 3.0 -- --
Table 39, (Continued) 
Cropping Unit Soil mapping unit: 
sequence Md m Mu 
C bu. 8? 86 81 
C Il 91 89 84 
G II 90 88 83 
C II 89 87 82 
0% II 69 68 63 
c II 92 90 85 
c II 90 88 83 
c II 89 87 82 
0 II 69 68 63 
M tons 3.7 3.6 3.3 
c bu. 92 90 85 
G II 90 88 83 
0 II 69 68 63 
M tons 3.7 3.6 3.3 
G bu. 92 90 85 
0 Il 69 68 63 
M tons 3.7 3.6 3.3 
M II 3.7 3.6 3.3 
\ 
Ne Ok 0£. Or £v_ Ro SeB StD2 
90 81 86 67 81 72 — 
94 84 89 69 84 74 
93 83 88 68 83 73 — — — — 
92 82 87 67 82 72 — — — 
71 60 65 50 63 63 
95 85 90 70 85 75 
93 83 88 68 83 73 
92 82 87 67 82 72 — —  
71 60 65 50 63 63 — — — 
3.8 3.0 3.0 2.5 3.3 3.3 
95 85 90 70 85 75 
93 83 88 68 83 73 — — — 
71 60 65 50 63 63 
3.8 3.0 3.0 2.5 3.3 3.3 —  —  — —  
95 85 90 70 85 75 60 
71 60 65 50 63 63 45 
3.8 3.0 3.0 2.5 3.3 3.3 2.4 
3.8 3.0 3.0 2.5 3.3 3.3 2.4 
Table 39. (Continued) 
Dpping 
i^uence 
Unit Soil mapping unit: 
StE2 StF3 TeA TeB Wc WdA WdB \îmk VfaD2 Wy Wzi 
C bu. 90 86 81 86 84 81 78 — 87 82 
C Il 94 89 84 89 86 84 81 90 85 
C II 93 88 83 88 85 83 80 — — 89 84 
C II 
—— — 92 87 82 87 84 82 79 — 88 83 
Ox II 71 68 60 68 65 63 61 — - 67 65 
C II 95 90 85 90 87 85 80 91 86 
C II 93 88 83 88 85 83 78 89 84 
c II 92 87 82 87 84 82 77 — — 88 83 
0 II 71 68 60 68 65 63 60 — — 67 65 
M tons —— —— 3.Q 3.6 3.0 3.6 3.6 3.3 3.2 3.6 3.2 
C bu. 95 90 85 90 87 85 80 91 86 
C Il 93 88 83 88 85 83 78 — 89 84 
0 II 
— — — 71 68 60 68 68 63 60 — —  67 65 
M tons 3.8 3.6 3.0 3.6 3.6 3.3 3.2 — 3.6 3.2 
C bu. 95 90 85 90 87 85 80 65 91 86 
0 Il 71 68 60 68 68 63 60 48 67 65 
M tons 3.8 3.6 3.0 3.6 3.6 3.3 3.2 2.6 3.6 3.2 
M II 3.8 3.6 3.0 3.6 3.6 3.3 3.2 2.6 3.6 3.2 
\ 
